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EFFECT OF DIFFERENT SOIL COLLOIDS AND WHOLE 
SOILS ON THE TOXICITY OF SODIUM SELENATE TO 
MILLET! 

By Philip L. Gile, senior chemist, Hubert W. Lakin, assistant chemist, and 
Horace G. Byers, principal chemist. Soil Chemistry and Physics Research Di- 
vision, Bureau of Chemistry and Soils, United States Department of Agriculture 

INTRODUCTION 

Investigations of the occurrence of selenium in soils, shales, waters, 
and vegetation in the United States have been reported by Byers 
{2, 3)? In the course of these investigations it became important to 
know whether the toxicity of selenium compounds to plants varies 
with the character of the soil. Previous studies by Hurd-Karrer 
{8, 9) indicate that this is the case, since she found that the amount of 
selenium absorbed by the plant and its injurious effect are markedly 
influenced by the sulphate available in the soil. She also found that 
the toxicity of sodium selenate varied with other characteristics of 
the soil, since sodium selenate was more injurious to wheat in Pierre 
clay than in Keyport clay loam (£>). No systematic study, however, 
has been made of the toxicity of selenium compounds m different 

^^The^res^ts reported in this paper deal with the effects of different 
soil colloids and of different whole soils on the toxicity of sodiuna 
sGlGnatc to millet. The effects of tlm colloids on the absorption of 
selenium from the selenate applications are also considered. It 
should be emphasized that this study concerns only selenium applied 
as sodium selenate, since work in progress shows that quite different 
results are obtained when selenium is applied as sodium selenite. 

METHODS 

The method of investigation first adopted w-as the same as that 
followed in a previous study, which dealt with the effects ol sou 
colloids on the toxicity of calcium arsenate [6). P oxtail millet 
(Setaria italica (L.) Beauv.) was grown in quartz sand with which 
sufficient soil was mixed to give a soil-colloid content of approximately 
1 percent. Different quantities of sodium selenate were applied. 
The quantity of selenium required to reduce the yield one-hall was 
determined for each mixture from a graph of yields plotted apinst 
selenate applications. This half-toxicity value for the sand-soil mix- 
ture was compared with the half-toxicity value of a parallel, pure 
quartz-sand series, and the difference between the two values was 
taken as the effect of the soil colloid on the toxicity of f 
The advantages of this method and the objections to it have been 
discussed in previous publications {5, f. Ai 6, P- 4'3}- 

1 Received for publication August 24, 1937; issued ^lyl, 193^ 

2 Italic numbers in parentheses refer to Literature Cited, p. 19. 
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Each pot, jfilled with pure quartz sand or with a sand-soil mixture, 
received 0.93 g of potassium nitrate, 0.33 g of ammonium sulpliate, 
0.0185 g of ferric tartrate, 0.42 g of magnesium chloride (AIgda-Olh.O), 
and 0.0015 g of manganese sulphate (MnS 04 . 2 H 20 ). J<h-om 0.27 to 
0.94 g of monocalcium phosphate per pot was supplied, the cjuautity 
being varied according to the capacity of the soil for roii<I<'riiig plios- 
phate unavailable to millet. 

Essentially the same method was used in the experiments with 
whole sods. 

Glazed earthenware pots holding about 5,000 g of quartz sand were 
used as containers. They were kept in a greenhouse, and the moisture 
content was maintained at 15 percent with distilled water. Ten 
millet plants per pot were grown for periods ranging from IS to 35 
days, according to the season. The plants were forming joints when 
cut. Only the parts of the plant above ground were harvested. _ Most 
of these were later analyzed for selenium_ by the method described by 
Williams and Lakin (l7). Two experiments were also conducted 
with Marquis wheat {Triticum aestimm L.) grown for 48 days, and 
one experiment was conducted with White London mustard (Brassica 
alba (L.) Boiss.) grown for 26 days. 

All except two of the soils used in these experiments were parts of 
samples utilized in former studies of soil colloids. Data regarding 
them are given in the following Department of Agriculture publica- 
tions: Nos. 190, 195, 298, and 300 in Department Bulletins 1193 and 
1311 (7, 14 ); Nos. 6678, 6679, 6718, 6719, 6842, 6977, 8736, and 8737 
in Technical Bulletin 316 (11); Nos. B-407 and 9475 in Technical 
Bulletin 430 {12)-, No. 9804 in Technical Bulletin 484 (4); and No. 
B-1086 in Technical Bulletin 502 (1). The Keyport clay loam was 
a sample of surface soil from the Arlington Experiment Farm of the 
Department of Agriculture at Arlington, Va., and the Clarion loam 
was a surface soil from Ames, Iowa. These two soils have not been 
analyzed. Selenium in some form has been found in most of the soils 
(15), but none of them contain selenium sufficiently available to 
millet to impart more than 1 part per milhon to the dry substance 
of the plant. 

EXPERIMENTS CONDUCTED WITH QUARTZ SAND AND SAND- 

SOIL MIXTURES 

Some preliminary tests were made to determine the amount of 
selenium that would reduce the yield of millet to about one-half that 
of the checks. The experiments reported in table 1 were then con- 
ducted. The medium for growth was in all cases either pure quartz 
sand or a sand-soil mixture containing approximately 1 percent of 
soil colloid. Table 1 contains data for calculating the quantities of 
selenium required to reduce the yield of millet one-half in seven dif- 
ferent sand-soil mixtures. _ It also contains data showing the manner 
in which increasing quantities of selenate decrease the yield, and the 
effects of phosphate and sulphate on the toxicity of the selenate. 

The manner in wMch the yield decreases with increasing quantities 
of sodium selenate is shown in figure 1. The curves in this figure 
represent averages of results obtained in quartz sand and in different 
sand-soil nEuxtures in experiments 1, 2, 4, 5, and 6, table 1. Per- 
centage yields rather than actual yields are given in this graph, the 
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weight of plants grown without selenium being taken as 100. The 
use of relative values facilitates averting the widely different actual 
yields obtained in the different experiments. It is apparent from the 
form of the curve that the quantities of selenium required to reduce 
the yield to between 60 and 15 percent of normal can be determined 
with considerable accuracy. 

Incidentally, it may be noted that this curve for the toxicity of 
sodium selenate has the same form as the curve obtained for the 
toxicity of calcium arsenate {6). Both toxicity curves are similar to 
Mitscherlich’s {13) curve for increased growth with increase in the 
minimum factor in that the toxicity curves are MitscWlich’s curve 
turned upside down. 

These results are sufficient to show that soluble sulphates should 
be kept approximately constant in comparing the effects of different 



0.0 0,005 0.010 o.oa 

SELENIUM PER POT (grams) 

Figure 1.— Effect of increasing quantities of sodium selenate on yield of millet. Yield with no silicate=100, 

soils on selenate toxicity. In the experiments on the effects of the 
soil colloids the available sulphate applied was 0.24 g of SO4 per pot 
unless otherwise noted. This quantity was largely in excess of the 
crop’s requirements, since in experiment 6, wherein the influence of 
sulphate application was tested, the plants receiving no selenium gave 
approximately the same yield with 0,024 g of SO4 as with the usual 
0.24 g. This quantity is also large as compared with the quantities 
of soluble SO4 naturally present in the soils added to dhe quartz sand 
in different experiments. Small variations obtaining in different 
experiments at this comparatively high level of available SO4 would 
not be expected to affect appreciably the half-toxicity values, since 
a threefold increase in SO4 in experiment I (the excess sulphate occur- 
ring in the superphosphate application) increased the half- toxicity 
figure by only about 60 percent and a 90-percent decrease in SO4 
in experiment 6 only halved the toxicity figure. 
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Table 1.— Effect of different soil colloids on the toxicity of sodium, selenale to plant 

growth 

fAll soils added to quartz sand in sufficient quantity to supply 1 percent of colloid; millet grown except as 
^ otherwise indicated] 

EXPERIMENT 1 (OCT. 15 TO NOV. 17) 


1 





Air-dry yield of plants 


Half- 







per pot 



toxicity 





Sodium 






value 




P 2 O 5 

selenate 






{S<‘ re- 

Labo- 

ratory 

Kind of soil mixed with 
quartz sand 

Depth 

ap- 

plied 

added 
per pot, 





um in 
air-day 

(juired 
p('r pot 
to H'- 
duce 
yield 

no. 


per 

pot 

ex- 
pressed, 
as Se 

Series 

A 

Series 

B 

Series 

C 

Aver- 

age 

plimis 











one- 











half) 



Inches 

Gram 

Gram 

Grams 

Grams 

Grams 

Grams 

P. p. m. 

Gram 




( 0. 000 1 

3.00 

2.40 

3. 87 

3. 09 

0 

1 


Quartz sand only 


0. 20 

I .005 1 
1 .010 ! 

1.41 

A A 

1.21 

.83 

1.83 
. 56 

1.48 

.61 

400 

690 

\ 0. 0047 











1 .020 i 

.07 

.14 

.12 

. 11 

1, 500 

J 





( .000 

5. 12 

4.92 

5. 18 

5. 08 

0 

1 

190 

Wabash silt loam 

15-36 

.20 

\ .010 

.51 

.45 

. 37 

.44 

1,300 

{ 1 . 0057 


.020 , 

.06 

.09 

.08 

.08 

1, 900 

1 





f .000 i 

5. 19 

4.13 

4. 99 

4. 77 

0 

I 

9804 

Columbiana clay 

0-10 

.50 

.010 

.44 

.48 

.43 

.06 

.45 

1, 100 

} 1 . 0053 



00 

(NO 

00 

.02 
4. 02 

.05 

.04 


1 





4.72 

4. 42 

4.39 1 

0 

1 

9804 

do 

0-10 

2.50 

i .010 

1.43 

1. 36 

2.18 

1.66 i 

400 

} 2 . 0080 



1 .020 

.41 

.36 

.39 

.39 j 

1, 000 

f 


1 This value is a little higher than the true value because of the curvature of the toxicity curve (see fig. 1) 
and interpolation between distant points. 

2 Superphosphate instead of monocalcium phosphate. 

EXPERIMENT 2 (FEB. 11 TO MAR. 18) 


298 

195 

8737 






0.000 

3.69 

2.88 

2. 79 

3. 12 


Quartz sand only 


0. 15 


.005 

1.87 

1.50 

1.71 

1.69 






.010 

.48 

.56 

.48 

.51 






.000 

5. 14 

5. 53 

5. 15 

5. 27 


Manor loam 

7-20 

.40 


.005 

2. 13 

2.16 

2. 43 

2. 24 






.010 

.35 

.68 

.63 

.55 






f .000 

5.14 

3. 99 

4.66 

4. 60 


Clarksville silt loam_ 

0-10 

.25 


.005 

2. 04 

2.32 

2. 15 

2.17 






[ .010 

.60 

.80 

.78 

.73 





1 

.000 

5. 15 

4.60 

4.92 

4. 89 



Marshall silt loam 

13-24 

.25 

j 

.005 

1. 88 

2. 65 

2.28 

2.27 






[ .010 

.77 

.59 

. 66 

.67 



0. 0054 
. 0044 
0047 
. 0048 


1 - 


EXPERIMENT 3 (JAN. 14 TO FEB. 25) 


Quartz sand only.. 


do 


do 





0. 10 
.20 
.30 


0.000 

.007 

.000 

.007 

.000 

.007 


2. 48 
1. 21 
3. 32 
.67 
3. 76 
.73 


2.91 
1.03 
3. 87 
.61 
3. 54 
.76 


2.70 
1. 12 
3. 60 
.64 
3. 65 
.75 


I 0. 0060 

} .0043 
} .0044 


EXPERIMENT 4 (APR. 1 TO MAY 1) 


Quartz sand only.... ______ 


do.--. 





0.225 

.45 


0.000 

.005 

.010 

.000 

.005 

.010 


3. 47 
1.00 
.37 
3. 45 
.64 
.26 


1.65 

.48 

.50 

2.90 

.94 

.28 


3. 59 
1.50 
.49 
3. 14 
1.12 
.38 


2. 90 
.99 
.45 
3. 16 
. 90 
.31 


400 


0.0038 

.0046 
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Table 1. — Effect of different soil colloids on the toxicity of sodium selenate to 'plant 

growth — Continued 


EXPERIMENT 5 (JUNE 20 TO JULY 8) 


Labo- 

ratory] 

no. 


Kind of soil mixed with 
quartz sand 


Depth 

P20f 

ap- 

plied 

per 

pot 

Sodium 

Air-dry yield of plants 
per pot 

Seleni- 
um in 
air-day 
plants 

selenate 
added 
per pot, 
ex- 
pressed, 
as Se 

Series 

A 

Series 

B 

Series 

C 

Aver- 

age 

Inches 

Oram 

Gram 

Grams 

Grams 

Grams 

Grams 

P. p. m. 



{ 0. 000 

2.10 

2.54 

2. 19 

2. 28 



0.15 

.005 

.92 

1.04 

.89 

.95 

590 



1 .010 

.34 

.37 

.33 

.35 


0-13 


r .000 

5. 42 

5.33 

5.42 

5.39 


. 15 

1 .005 

1.81 

1.67 

2. 11 

1.86 




/ .000 

4.40 

3. 38 

4. 14 

3.97 


0-6 

, 40 

1 .005 

1. 21 

■ 

1.46 

1.39 

1.35 



Half- 
toxicity 
value 
(Se re- 
quired 
per pot 
to re- 
duce 
yield 
one- 
half) 


8730 

6977 


Quartz sand only 

Marshall silt loam——, 
Cecil sandy clay loam- 


Grrm 
■ 0.0043 

' .0038 
• .0037 


EXPERIMENT 6 (OCT. 11 TO NOV. 15), THE USUAL 0,24 G SO4 PER POT ADDED 


8736 

0977 


Quartz sand only 

Marshall silt loam 

Cecil sandy clay loam.. 


0-13 

0-6 


0.20 

.20 

.53 


0. 000 
.005 
.000 
.005 
.000 
.005 


1. 76 
.54 
2.10 
.76 
1.98 
.92 


1. 45 
.84 
2.08 
.97 
2.22 
.74 


1.63 
.80 
2. 30 
.98 
2.33 
.82 


1.61 
.73 
2,16 
.90 
2. 18 
.83 


550 

'745' 


j 0,0046 
} .0043 
1 } . 0041 


EXPERIMENT 6 (OCT. 11 TO NOV. 15), ONLY 0.024 G SO4 PER POT ADDED 


8736 

6977 


Quartz sand only 

Marshall silt loam 

Cecil sandy clay loam.. 


0-13 

0-6 


0.20 

.20 

.53 


/ 0. 000 
t .005 
/ .000 
I .005 

r .000 

\ .005 


1.40 

.01 

2.29 

.01 

1.94 

.01 


1.32 
.01 
2.23 
.01 
2. 22 
.03 


1.27 
.04 
2.30 
.01 
2. 12 
.01 


1. 33 
.02 
2. 27 
.01 
2. 12 
.02 


|j 0.0025 
} .0025 
} .0025 


EXPERIMENT 7 (NOV. 27 TO JAN. 14), WHEAT GROWN INSTEAD OF MILLET 





• 

1 

f 0.000 

2.92 1 

3. 32 

3.24 

3.16 

0) 

t 0. 0072 




0.15 1 


.010 

.82 ^ 

.96 

1.08 

.95 

1,700 





1 

[ .020 

.27 

.28 

.20 

.25 

2,500 

) 






[ .000 

3. 07 

3.30 

3. 80 

3. 39 


1 .0070 

6977 

Cecil sandy clay loam 

0-6 

.40 


.010 
[ .020 

.99 

.15 

1.00 

.22 

.88 

.26 

.96 

.21 

1, 700 
3,200 


EXPERIMENT 8 (APR. 3 TO APR. 29), MUSTARD GROWN INSTEAD OF MILLET 


Quartz sand only.. 


0.20 


0.000 

.005 

.010 

.020 


1.98 

.87 

.64 

.22 


1,31 

.95 

.49 

.08 


1. 94 


.43 

.20 


1. 74 
.89 
.52 
.17 


0. 0051 


The effects of soil colloids on the toxicitj^ of sodium selenate are 
shown in table 2, which summarizes experimental results given rn 
table 1. All data in the table pertain to millet except those _m the 
last line, which apply to wheat. It will be seen that additions of 
widely different soils to quartz sa.nd, up to 1 percent of colloidal 
matter, in no case diminish the toxicity of sodium selenate. _ in fact, 
the quantity of selenate producing one-half injury is slightly less m 
the sand-soil mixtures than in pure quartz sand in every case except 
the two noted as not accurately determined. Evidently, then, witnin 
the limits of error inherent in the method, soil colloids have no effect 
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on the availability of sodium selenate. This conclusion is based 
on the results of only seven soils, but the colloids t)f these soils have 
silica-sesquioxide ratios ranging from 3.33 to O.Sl. Moreover, the 
effects produced by these same soils on superphosphate (5) and on 
calcium arsenate in previous work {6) covered pretty well the range 
of effects produced by a much greater number of soils. 


Table 2.— Toxicity to millet of sodium selenate in sand-soil mixtures containing 

1 'percent of soil colloid 


Experi- 

ment 

No. 

Kind of soil mixed with quartz sand 

Molecu- 
lar ratio 
of SiOato 
AI 2 O 3 JC 
FeaOs of 
i colloidal 
material 

Half-toxicity value i 
(Se required per 
pot to yield one- 
half) 

Be in plants fcalcu- 
iaie<i for applica- 
t ion of 0.006 g Se 
per 1 ‘iot) 2 

In sand- 
soil mix- 
ture 

In 

quartz 

sand 

In sand- 
soil mix- 
ture 

In 

quartz 

sand 




Gram 

Gram 

P. p, m. 

P . ?J. m. 

1 

Wabash, No. 190..—— - 

3.33 ! 

1 0. 0067 

0 . mi 

650 

400 

5 

Marshall, No. 8736 

2.91 

.0038 

. 0043 



6 

do 

2.91 ! 

.0043 

. 0046 

790 

550 

2 

Marshall, No. 8737 

2.88 

.0048 

. 0064 



2 

Clarksville, No. 195 

2.18 ' 

.0047 

. 0054 



2 

Manor, No. 298 

1.81 i 

.(X)44 

. 0064 



5 

Cecil, No. 6977 

1.34 ' 

.0037 

. (:K)43 



6 

do - - 

1.34 

.0041 

.(K:)46 

im 

550 

1 

Columbiana, No. 9804 

.81 

1 . 0053 

. 0047 

550 

4(K] 

7 

Cecil, No. 6977 2 _.__ 

1.34 

.0070 

.0072 

850 

850 


1 Values a little too high (see footnote 1, experiment 1, table 1). 
^ Wheat was grown instead of millet. 


It was necessary to ascertain whether the toxicity of sodium selenate 
is affected by variations in the available phosphate, since the phos- 
phate supply presumably varied somewhat in the different sand-soil 
series. _ As mentioned previously, phosphate applications were varied 
according to the capacities of the different soils for phosphate fixa- 
tion, and these capacities were merely estimated. The effect of 
different quantities of monocalcium phosphate on selenate toxicity 
in quartz sand is shown in experiments 3 and 4 in table 1 . In experi- 
ment 3 the quantities of selenium required to reduce the yield one- 
half were 0.006, 0.0043, and 0.0044 g with 0.10, 0 . 20 , and 0.30 g of 
P 2 OS, respectively; in experiment 4 the half-toxicity values were 
0.0038 and 0.0046 g of selenium with 0.225 and 0.45 g of P 2 OB, respec- 
tively. These differences are hardly significant. Apparently, then, 
moderate quantities of available phosphate in excess of the plant’s 
requirements have little or no influence on the toxicity of sodium 
selenate. 

That sulphate ions diminish the toxicity of sodium selenate has 
been demonstrated by Hurd-Karrer (S). The degree of this influence, 
in terms of the_ half-toxicity value, is shown in part of experiment 
1 and in experiment 6 , table 1 . In experiment 1 superphosphate 
was compared with monocalcium phosphate in the Columbiana sand- 
soil mixture. In the monocalcium phosphate series of this experiment 
the quantity of sulphate (SO4) per pot was 0.24 g, whereas in the 
superphosphate series there must have been roughly 1 g of soluble 
SO 4 per pot. This mcrease in sulphate is doubtless responsible for 
raising the half-toxicity value from 0.0053 to 0.0080 g of selenium per 
pot. In experiment 6 the effects of 0.024 and 0.24 g of SO4 per pot 
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were compared in quartz sand and in Marshall and Cecil soil-sand 
mixtures. With 0.024 g of SO4 the half-toxicity values were 0.0025 
g of selenium for all three mediums, whereas with 0.24 g of SO4 the 
half-toxicity values were 0.0046, 0.0043, and 0.0041 g of selenium. 

The toxicity values given in table 2 apparently are fairly accurate. 
The agreement of determinations duplicated in experiments 5 and 6 
indicates that one-half a milligram in the toxicity values is sufficient 
allowance for errors and variations in the actual conduct of the 
experiments. Possible errors inherent in the method of experimen- 
tation may be somewhat larger than those involved in carrying out 
the experiments. The addition of soil undoubtedly renders the sand 
a better medium for growth, as shown by the comparative yields in 
sand and in sand-sod mixtures without selenium (table 1). That 
this improvement in conditions for growth does not increase, but 
rather decreases, the selenate needed to produce one-half injury is 
possibly due to the fact that it increases the absorptive capacity of 
the plant. At all events, plants in the sand-soil mixtures contain a 
higher concentration of selenium in the parts above ground than plants 
in pure sand, as shown in the last two columns of table 2. The 
results of the wheat experiment (last line of table 2, and experiment 
7, table 1) confirm this idea. In this experiment the yield without 
selenate is about the same in pure sand as in the sod-sand mixture, 
and the concentration of selenium in the plant is practically the same 
for the two mediums. 

The preceding experiments give no indication that soil colloids 
form a selenate compound unavadable to plants. But it is possible 
that soil colloids do have an effect on selenate which is too slight to 
be measured in experiments with only 1 percent of colloidal material. 
It is also possible that larger quantities of soil colloids might affect 
the plant’s absorption of selenate in some way other than through 
the formation of an insoluble compound. Experiments were_ there- 
fore conducted to measure the toxicity of sodium selenate in different 
whole soils. 

EXPERIMENTS CONDUCTED WITH WHOLE SOILS 

The experiments with whole sods were similar to those with the 
sand-soil mixtures just described. Each experiment included a series 
with pure quartz sand to serve as a standard for comparing the results 
of experiments conducted at different times. Eight soils received 
precipitated calcium carbonate as follows : The Columbiana and 
Nacogdoches soils, 1 g per pot; the Marshall, Cecd, Chester, and 
Muskingum soils, 2 g per pot; and the Manor and Keyport sods, 
3 g per pot. The fertdizer applied to the soil consisted of 1.40 g of 
KNO3, 0.33 g of (NH4)2S04, 0.136 g of NH4CI, and different quan- 
tities of monocalcium phosphate, depending on the estimated needs 
of the soil. This fertdizer is somewhat different from that applied 
to the sand-sod mixtures, but the quantity of sulphate applied is the 
same. Sodium selenate was added in solution along with the potas- 
sium and ammonium salts. The fertdizer applied to the quartz 
sand series was the same as in the work with sand-soil mixtures. 
Water added, and kept constant by weighing, was sufficient to give 
a uniform water content from top to bottom of the pot. The quantity 
was about 60 percent of the water-holding capacity of the soil and 
ranged in different sods from 715 to 1,250 cc per pot. 
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Most of the experiments were conducted to deterniine the quantities 
of selenate required to reduce the yield one-hall in diflerent soils. But 
experiments were also conducted to find to what extent tlie iiali- 
toxicity values were affected by the concentration of sul])ha,te, b\ the 
quantity of phosphate, and by the manner in which the selenate was 
applied. The detailed results of the different experiments are given 
in table 3. 

Table S.— Effect of different whole soils on the toxicity of sodium selenate to plant 

growth 

[Millet grown except as otherwise indicated] 


EXPERIMENT 9 (JUNE 20 TO JULY 8) 


Lab- 

ora- 

tory 

Kind of soil 

Depth 

P 2 O 5 

ap- 

plied 

per 

pot 

Sodi- 
um 
selen- 
ate 
added 
per 
pot, 
ex- 
pressed 
as Se 

Air-dry yield of plants 
per pot 

Seleni- 
um in 
air-dry 
plant.s 

Half 
tr)xicity 
value 
Se re- 
quired 
per pot 
to re- 
duce 
yield 
one-half 

Series 

A 

Series 

B 

Series 

C 

Aver- 

age 



Inches 

Grams 

Gram 

Grams 

Grams 

Grams 

Grams 

P. p. m. 

Gram 





0. 000 

2. 10 

2.54 

2.19 

2.28 

0 



Quartz sand 


0.15 

• .005 

.92 

1.04 

.89 

.95 

590 

• .0043 





.010 

. 34 

. 37 

. 33 

.35 







.000 

4.88 1 

4.94 

4.54 

4. 79 



6977 

Cecil sandy clay loam 

0-6 

4.00 

■ .005 

3.05 1 

3. 29 

2.91 

3. 08 


• .0069 





.010 

1.36 ' 

1.33 

1. 29 

1. 33 







.000 

6.94 

6. 42 

5. 76 

6.37 



8736 

Marshall silt loam 

0-13 

.40 

■ .005 

3.26 

3.24 

3. 00 

3. 17 


- .0050 




.010 

1.02 

.90 

1.08 

1.00 




EXPERIMENT 10 (OCT. 11 TO NOV. 15), 0.24 G. SO 4 ADDED PER POT 


Quartz sand. 


6977 


Cecil sandy clay loam. 


0-6 


8736 


Marshal] silt loam. 


0-13 


0.20 
4. 00 
.53 


/ 0.000 
I .005 
/ .000 
\ .005 

r .000 

V .005 


1.76 
.54 
2. 53 
1. 10 
3. 38 
2. 16 


1.45 

1. 63 

1. 61 

.84 

.80 

.73 

2. 44 


2. 49 

1.57 


1.34 

3. 00 


3. 19 

2. 02 


2. 09 


0 

550 

0 

570 

0 

560 


} 0.0046 
I .0064 
} . 0071 


EXPERIMENT 10 (OCT. 11 to NOV. 16) NO SULPHATE ADDED TO SOILS; 0.024 G SO 4 PER 

POT ADDED TO SAND 


Quartz sand. 


6977 


Cecil sandy clay loam. 


0-6 


8736 


Marshall silt loam. 


0-13 


0.20 
4. 00 
.53 



1. 40 
.01 
2. 72 
.30 
3.34 
.03 


1.32 
.01 
2.24 
.22 
3. 68 
.02 


1. 27 
.04 


1.33 
.02 
2.48 
.26 
3. 51 
.03 


I 0. 0025 
} .0028 
J .0025 


EXPERIMENT 11 (APR. 1 TO MAY 1) SELENATE ADDED AT TOP OF POT; LOW 

PHOSPHATE 







0.000 

3.47 

1.65 

3.59 

2.90 


1 


Quartz sand— ______ 


0.225 


.005 

1.00 

.48 

1. 50 

.99 

400 

[ 0.0038 






.010 

.37 

.50 

.49 

.45 







.000 

5. 28 

5. 78 

5.64 

5. 67 


1 

6977 

Cecil sandy clay loam 

0-6 

2.00 


.005 

3.70 

3.08 

3.55 

3. 44 

240 

} , 0064 






[ .010 

1. 09 

1.07 


1.08 


1 






1 .000 

7.65 

8. 08 

6.68 

7.47 


1 

8736 

Marshall silt loam ________ 

0-13 

.20 


.005 

2. 92 

2.90 

2. 78 

2.87 

400 

p . 0041 






.010 

.87 

.97 


.92 

760 

f 
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Table 3. — Effect of different whole soils on the toxicity of sodium selenate to plant 

growth — Continued 


EXPERIMENT 11 (APR. 1 TO MAY 1) SELENATE MIXED WITH SOIL; LOW PHOSPHATE 


Lab- 

ora- 

tory 

Kind of soil 

Depth 

P 2 O 5 

ap- 

plied 

per 

pot 

Sodi- 
um 
selen- 
ate 
added 
per 
pot, 
ex- 
pressed 
as Se 

Air 

Series 

A 

i 

-dry yie 
per 

Series 

B 

Id of ph 
pot 

Series 

G 

mts 

Aver- 

age 

Seleni- 
um in 
air-dry 
plants 

Half 
toxicity 
value 
Se re- 
quired 
per pot 
to re- 
duce 
yield 
one-half 



Inches 

Grams 

Gram 

Grams 

Grams 

Grams 

Grams 

P. p. m. 

Gram 





j 0.000 

5,38 

6. 76 


6. 07 



6977 

Cecil sandy clay loam 

0-6 

2.00 

.005 

4.28 

5. 06 

4. 16 

1 4.50 

240 

. 0.0079 





[ .010 

1,66 

2. 28 


1.97 

530 






1 .000 

5.42 

4. 42 

4. 90 

4.91 



8736 

Marshall silt loam 

0-13 

.20 

( .005 

3.62 

3.33 

3.00 

3.28 

220 

» .0072 





1 .010 

1.36 

1.83 


1. 60 

440 



EXPERIMENT 11 (APR. 1 TO MAY 1) SELENATE ADDED AT TOP OF POT; HIGH 

PHOSPHATE 






f 0.000 

6. 20 

6.86 

5.90 

5. 98 



6977 i 

Cecil sandy clay loam 

0-6 

4.00 

\ .005 

3. 40 

3.78 

4.22 

3.80 

180 

0. 0066 





1 .010 

1.20 

1.22 


1.21 ! 

450 






1 .000 

7.53 

6. 17 

8. oi 

7.24 , 



8736 

Marshall silt loam 

0-13 

.40 

\ .005 

3. 43 

3. 77 

3.21 

3.48 1 

380 

. .0048 





.010 

1.20 

1. 16 


1.18 

590 



EXPERIMENT 12 (AUG. 29 TO SEPT. 26) 





( 0.000 

2.58 

2. 51 

2.88 

2. 66 

0 

Quartz sand 


0. 15 

\ .005 

.83 

.90 

.94 

.89 

460 




1 .010 

.31 

.38 

.48 

.39 

1, 100 




1 .000 

6.43 

6. 14 

5. 79 

6. 12 

0 

Keyport clay loam 


2.70 

< .005 


3. 59 

4. 13 

3. 86 

220 




1 .010 

2.46 

1.90 

2.05 

2. 14 

530 


EXPERIMENT 13 (FEB. 27 TO APR. 3) 






f 0.000 

2.22 

2.24 

1. 82 

2.09 

0 

1 


Quartz sand 


0.20 

\ .005 

.96 

.76 

.76 

.83 

640 

[ 0. 0041 




1 .010 

.32 

.28 

.39 

.33 

1,500 

1 





1 .000 

5. 77 i 

6.44 

4.62 

5.61 

0 

1 

B1086 

Spearfish silt loam 

0-12 

,40 

\ .006 

3, 26 

3.88 

3.72 

3. 62 

260 

]■ .0072 




1 .010 ! 

1. 81 

1. 76 

1, 70 

1.76 

630 

1 





( .000 

6.10 

5. 58 

4. 45 

5. 38 

0 



Clarion loam 


.40 

{ .005 

2. 79 

3. 48 

2. 98 

3.08 

260 

} .0061 




1 .010 

.88 

1.80 

1. 11 

1.26 

340 

1 





{ .000 

4.88 

4.80 

5.40 

5.03 

! 0 

1 

298 

Manor loam 

7-20 

2.00 

\ .005 

3.44 

3.48 

3.28 

3.40 

250 

]■ .0074 



t .010 

1.81 

1.46 

1. 41 

1. 56 

430 

1 





( .000 

3.03 

2.90 

3.02 

2.98 

0 

1 

9804 

Columbiana clay.. 

0-10 

3.00 

.005 

3.04 

2.82 

2. 91 

2. 92 

110 

} 



1 .010 

1 2.82 

2.28 

2.52 

2.54 

130 

1 


EXPERIMENT 14 (MAY 24 TO JUNE 18) 


300 

6718 

6719 

6842 


9804 





( 0.000 

4.36 

3, 94 

3.78 

4.03 

0 


Quartz sand 


0.20 

\ .005 

1.95 

1.38 

1.53 

1.62 

620 

0.0042 




1 .010 

.62 

.60 

.64 

.62 

970 





( .000 

4.46 

4,83 

4.11 

4.47 

0 


Chester loam — 

0-8 

2.00 

-! .005 

2.82 

2.88 

2.74 

2.81 

610 

i . 0071 



1 .010 

1.41 

1.42 

1. 71 

1.51 



1 



f .000 

4.77 

4.76 

4.60 

4.71 .1 

0 

,0069 

Ivernon fine sandy loam_-- 

0-10 

.40 

f .005 

3.13 

2.95 

2.60 

2.89 

340 



1 .010 

1.35 

1.12 

1.09 

1.19 

840 





1 .000 

5.97 

7.57 

7.88 

7. 14 

1 

■ .0060 

Colby silty clay loam,. --- 

2-10 

.20 

\ .005 
.010 

3.92 

1.56 

4. 10 
1.58 

4.08 

2.00 

4.03 

1.71 

i 350 
570 




( .000 

4.88 

4.88 


■ 4.88 

0 

■ .0164 

Columbiana clay-- 

0-10 

5.62 

f .020 
( .030 

2.02 

,16 

1.88 
. 42 


1.95 

.29 

540 

780 
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Table 3, — Effect of different whole soils on the tojiciii/ (ff sod i am sihnoU- to plant 

growth— Oontlnned 


EXPERIMENT 15 (SEPT. 1 TO SPP'l'. ‘JO 





PjOs 

ap- 

plied 

per 

pot 

Sodi- 

um 

selen- 

Air 

dry yudd plaids 
t»er }Ktt 

Half 

tf'xieity 

value 

Lab- 

ora- 

tory 

Kind of soil 

Dex)th 

ate 
added 
tier 
pot, 
ex- 
pressed 
as Se 

Series 

A 

Series 

B 

Series 

{' 

Seleni- 
uin in 
air-dry 
.S\er- })huds 

age f 

Se re- 
quireil 
t>er i)(»{ 
Pf re- 
<iiiee 
yield 
one-half 



l7tches 

Grams 

Gram 

Grams 

Grams 

Grams 

Grams P. p. m. 

Gram 





{ 0.000 

3,10 

3. 29 

3. 09 

3, PI . , 

1] 


Quartz sand-- 

1 

0.20 

\ .005 

1,10 

. 96) 

1.01 

1.02 1 750 

. ■ 0.0037 





[ ‘010 

.33 

.30 

. 40 

.34, I, UK.) 






f .000 

5. 70 

5.71 

6. 09 

5.83 ; 0 

!'} 

B407 

Muskingum silt loam 

0-7 

.27 

{ .005 

3. 86 

3.42 

4.29 i 

3, Sf) 230 

. .0074 





1 . 010 

2.14 i 

1.73 

1. 70 

i.ss i mi 






f .000 

3.18 i 

3. 00 

3. 44 

3.41 i 1 

1 

6679 

Kirvin fine sandy loam — 

12-24 

2.70 

\ .0075 

2.02 ^ 

2,30 

2. 13 ' 

2. 1') 1 540 

.0101 





1 .015 

. 79 ^ 

.97 

.88 I 

. 88 ' L BXl 

:| 





j .000 

3. 70 

3.78 ^ 

3. 44 

! 3.64 • ! 

;) 

6678 

---...do 

0-12 

.70 

\ .005 

1.98 

2.28 

1,75 

! 2.00 , 180 

j . .0057 





{ .010 

. 59 

. 52 

.41 

j .51 j 850 

i' 


EXPERIMENT 16 (OCT. 12 TO NOV. 13) 






1 

[ 0.000 

2.00 

2. 31 

2. 63 

^ 2.31' 



Quartz sand 


0.20 


.005 

1. 16 

1,22 

1.26 

■ 1.21 '! 

1 630 ! 





1 

1 .010 

.43 

.36 

.32 

1 .37 1 

810 

9475 

Nacogdoches fine sandy 




[ .000 

4. 15 

2. 96 

. 2. 44 

i 3. 18'i 

0 


loam 

0-8 

2. 70 


. 0075 

.78 

,85 

. 74 

.79 i 

510 






1 .015 

.10 

.25 

1 . 30 

,22 ! 

910 





1 

[ . 000 

4.36 

4. 66 

4.07 5 

4.36 


300 

Chester loam._ 

0-8 

2.00 

J 

.005 

3.19 

2.72 

3. 17 

3.03 : 

" 2 : 10 ' 





i 

1 .010 

1.50 

1. 75 

1. 66 

1.64 

200 


EXPERIMENT 17 (NOV. 27 TO JAN. 14) WHEAT GROWN INSTEAD OF MILLET 


Quartz sand 


0.15 

4.00 

f 0.000 
.010 

2.92 

,82 

3,32 

.96 

3. 24 
1.08 

3. 16 
. 95 

1 ] 
1,700 

Cecil sandy clay loam 

0-6 

1 .020 
/ .010 
t .020 
( .000 

.27 

2,52 

.28 
2. 67 

.28 

,28 
2. 60 

2,500 I 
750 i 

.88 

.84 


.86 i 

1,600 1 




3.14 

3.02 


3.08 ‘ 

0 1 

Marshall silt loam 

0-13 

.40 

] . 010 

1 08 

1. 16 


1.12 ' 

1,200 
2,000 1 


1 .020 

1 

.20 

.15 


.18 






The extent to which the sulphate application affects the toxicity of 
sodium selenate in the Marshall and Cecil soils is shown in table 3, 
experiment 10, in which the plants were grown with no sulphate added 
to the soil and with the addition of 0.24 g of SO4 i>er pot. The addition 
of 0.24 g of SO4 per pot changed the toxicity value in the Marshall 
soil from 0.0025 to 0.0071 ^ of selenium, and in the Cecil soil from 
0.0028 to 0.0054 g of selenium. These results with whole soils are 
similar to those obtained with sand-soil mixtures, and indicate that 
the influence of the sulphate is about the^same for the two mediums. 

The effect of phosphate on selenate toxicity is shown in experiment 
11, table 3. Doubling the quantity of phosphate applied raised toxic- 
ity values in the different soils as follows: From 0.0064 to 0.0066 g of 
selenium per pot in the Cecil soil, and from 0.0041 to 0.0048 in the 
Marshall soil. The yields of the pots to which no selenium was added 
show that the double phosphate application supplied at least twice 
as much phosphate as was needed. It may be conciuded, therefore, 
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that the toxicity values of the whole soils are not appreciably affected 
by variations in the phosphate fertilization, up to at least double the 
requirements of the soil and plant. 

In the experiments with whole soils as well as in the preceding experi- 
ments with sand-soil mixtures, the sodium selenate and the soluble 
fertilizer salts were added to the dry soil, dissolved in the total amount 
of water needed to bring the soil to the optimum water content. 
Certainly in the case of sand cultures this seemed the best method of 
applying the selenate, since it gave a uniform distribution of selenate 
throughout the sand at the beginning of the experiment. It was a 
question, however, what the distribution of selenate would be at the 
end of the experiment. ^ It was also questionable whether this method 
of application would give as fair a comparasion of toxicity values in 
different whole sods as mixing the selenate with the soil after adding 
most of the water. 

The distribution of selenate in soil and in sand at the end of an 
experiment was studied by sampling the top, middle, and bottom 
thirds of soil in a pot and analyzing the three layers for selenium. 
Pots receiving the larger selenate application in experiment 7, table 1, 
and experiments 11 and 17, table 3, were subjected to this procedure. 
The results are given in table 4, together with the half -toxicity values 
of the soils and the selenium content of the plants above the ground at 
one-half injury.^ 

Tabxe 4 . — Distribution of selenate in different parts of a pot at the end of an experiment 


[Pots receiving larger selenate application in experiment 7, table 1, and experiments 11 and 17, table 3] 


Ex- 

peri- 

ment 

No. 

Sodium 
selenate 
applied 
per pot, 
as gram 
of sele- 
nium 

Kind of soil 

Crop 

How sele- 

Selenium present in dif- 
ferent layers of soil, as 
parts per million of 
soil 

Half- 
toxicity 
value 
(sele- 
nium 
re- 
quired 
to re- 
duce 
yield 
one- 
halO 

Sele- 
nium in 
crop at 
one-half 
injury 

nate was 
applied 

Top 

third 

Middle 

third 

Bot- 

tom 

third 


GTam 




P. p. m. 

P.p,m. 

P. p. m. 

i 

i Gram 

P. p. m. 

7 

0. 02 

Quartz sand 

Wheat- 

At top-- 

2.0 

3 5 

5.0 

0.0072 

1,225 

7 

.02 

Sand and Cecil soil 

L__do 

-_„do 

3.0 

3.5 

3.5 

.0070 

1,210 

■ 17 

!o2 

Whole Cecil soil.. - 

Li.do 

—do 

6.0 

3.5 

1.0 

.0152 

1, 175 

17 

. 02 

Whole Marshall soil 

.__do 

_._do 

6.0 

3.5 

2.0 

.0078 

900 

11 

.01 

Whole Cecil soil 

Millet— 

___do 

5.0 

3.5 

.6 

.0064 

310 

11 

.01 

do _ 

__-do 

Mixed _- 

2.5 

3. 0 

3.5 

^ .0079 

410 

11 

. 01 

Whole Marshall soiL,._- 

L— dQ„___ 

Attop-„ 

3.5 

3.0 

3.0 

! .0041 

330 

11 

.01 


___do 

• ■■ ■■ 

Mixed __ 

1. 0 

! . 3.6 

1 ■ ■ ■■ 

5.0 

i 

: .0072 

320 


Evidently when the sodium selenate is added at the top of the pot it 
works downward somewhat in the quartz sand, becomes almost uni- 
formly distributed in the sand^oil mixture, and remains more eon- 
centrated in the upper layers in whole soils. On the_ other hand, 
when the selenate is mixed uniformly with the whole sod, it tends to 
become more concentrated in the lower layers during the experiment. 
In the Marshall soil the selenate evidently moves more freely than 
in the Cecil. Differences in distribution of the selenate were not due 
to differences in distribution of moisture, since the water content of 


3 Determination of selenium in the soil samples were made by K. T. Williams. 
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the three layers of soil was found to be the same within a few tenths ef 
a percent. 

The results of the millet experiment (table 4) sliow that tlu^ toxhnty 
of the selenate varies appreciably with its distribution in tlu^. soil. 
Apparently the toxicity is less, that is, the toxicdty yahu‘ is ginaiter, 
when the selenate accumulates in the Iowti* [)art of tlu^ pot. And 
since this downward movement is freer in some soils than in otliers, 
it should make for inaccuracy in comparing the toxicities of s(d(mate 
in different soils. How^ever, if it is permissible to gen(u*alize fi*om iho 
results of the two soils, the Cecil and the Marshall, it setnns tliat the 
downward movement is less in soils in which the toxicity is less, tlnit is, 
the toxicity value is greater. Hence, if a correction were mnd<^ for 
inequalities of distribution in diffezent soils, it wx)ii1(l involve increasing- 
somewhat the lai'ger toxicity values. One nudhod of application 
does not seem moie accurate than the other for comparing tlie effects 
of different soils on selenate toxicity. Therefore, the a])})lication in 
solution was continued, this being the less laborious method. 

Experiments to determine to what extent the toxicity of sodium 
selenate varies in different soils are reported in detail in table 3. Tlie 
toxicity values for the 14 soils tested and for quartz sand in the same 
experiments are summarized in table 5. By subtracting the toxicity 
values for sand from the toxicity values for soils, figures w^'cre obtained 
for the effects of the total colloidal fractions on selenate toxicity. 
These figures, given in next to the last column, are based on the 
assumption that the noncolloidal soil material wxzuld liave the same 
toxicity value as quartz sand. The specific effects of tlie different 
soil colloids, based on the same assumption, are given in the last 
column. These were obtained by dividing the figure representing the 
effect of the whole colloid fraction by the'percentage of colloid in the 
soil. All values are given as milligrams of selenium per pot of soil or 
sand. 


Table 5.' — Toxicity of sodium selenate in different whole soils and calculated effects 

of the colloids 


Ex- 

peri- 

ment 

No. 

Kind of soil 

Quantity 
of colloid 
in soil 

Molecu- ; 
lar ratio 1 
ofSi 02 to i 
AI 2 O 3 -I- 
Fe 203 in 
colloidal 
material 

Half- 
toxicity 
value I for 
the soil 

14 

Colby, No. 6842.. 

Percent 
30. 2 

3.41 

2 91 

Mg 

6.0 

5. 0 

7.1 

4. 1 

7.2 
6.1 

6 . 9 
7.4 
5.7 

i 7.3 

;■ .'7. 4" 

10.1 
' ■7. 1 

t 8. 0 

6 . 9 
■ 5.4 
! 6.4 

5.0 
16. 4 

9 

Marshall, No. 8736... 

32.4 

10 

.do _ 

32.4 
32 4 

2.91 
2 . 91 
2.84 

11 

.....do. 

13 

Spearflsh, No. B1086.. 

23.7 

13 

Cdarion.---.. „ 

14 

Vernon, Nos. 6718-19... . 

8 , 5 

2. 50 
2.26 

2 . 02 

15 

15 

Muskingum, No. B407 

Kirvin, No, 6678...._ 

19. 9 
5.6 

12 

Keyport-. 

13 

Manor, No. 298... ... 

18. 1 

1.81 

1. 74 

15 

' Kirvin, No, 6679....... 

59.4 

14 

Chester, No. 300 

14. 3 

1.54 

16 

.....do... 


9 

Cecil, No. 6977.. 

17.3 

1.34 

10 

:,_-._do _ ■ ■ 

11 

.....do. ■■ 



16 

Nacogdoches, No. 9475... . ... 

■ 16. .1 

1.07 

.81 

14 

Columbiana. No. 9864 

48.0 


rxalf- 

toxicity 
value 1 for 
quartz 
sand in 
same ex- 
periment 


Mg 

4.2 

4.3 
4.G 
3.8 
4. 1 

4. 1 

4.2 
3.7 

3. 7 
3.7 

4.1 

3.7 

4.2 

5.3 

4.3 

4. 0 

3.8 

5. 3 
4.2 


DinVr- 
enc(‘ b(r- 

Jialf- 

toxieity i 
values 
for soils 
and for 
sand 


uMg 
1. 8 
■■ .7 
2. 5 
.3 
3.1 
2,0 
. 2.7 
3,7 
2.0 

3.6 

3. 3 

6.4 
2.9 

2.7 
2,6 

.8 

2.6 

.:3' 

12.2 


Calcu- 
lated half- 
toxicity » 
value for 
; 1 p(‘rcent 
! of soil 
i colloid 
per pot 


0. 06 
.02 
.08 
. 01 
. 13 


.31 
. 19 
.36 


. 18 
.11 
. 20 
.20 
.15 
. 05 
.15 


.25 


1 Se required per pot to reduce yield one-half. See text for full explanation. 
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The accuracy of the experimental figures is roughly indicated by 
the small differences in the toxicity values for quartz sand in different 
experiments. Apparently, the experimental figures in columns 5, and 
6 are for the most part accurate within a milligram although certain 
determinations, such as those for the Marshall and Cecil soils in 
experiment 10, are probably less exact. 

The significant features of the data in table 5 are: The general 
uniformity in the toxicity values for different soils; the very low 
values for the calculated specific effects of the different soil colloids; 
the lack of relation between the specific effects of the colloids and the 
silica-sesquioxide ratios of the colloids; and the fact that all soils 
except the Nacogdoches have higher toxicity values than quartz sand. 

These results rnight be explained on the ground that a soil colloid 
has a slight capacity for forming a selenate compound which is insol- 
uble and unavailable to the plant and that this capacity is not related 
to the silica-sesquioxide ratio. It is believed, however, that this is 
not the true explanation. It seems rather improbable that if the soil 
colloid has any capacity for forming an insoluble selenate it should be 
so small and should bear no relation to the silica-sesquioxide ratio. 
Also, it seems significant that soils containing widely different amounts 
of different kinds of colloid should have toxicity values so nearly alike. 

Another explanation of the results is suggested by data, shown in 
table 4, on the movement of selenate towards the bottom of the pot 
during an experiment. The different distributions of sodium selenate 
in sand and soils evidently do not, in themselves account for the 
different toxicities found in these mediums. But these data on 
downward movement may be taken as indicating that mobility of 
the selenate in sand is greater than in soil and that mobility in the 
Marshall soil is greater than in the Cecil. Differences in mobilities 
might account for the different toxicities of selenate in the various 
mediums, for it is quite conceivable that toxicity of the selenate 
increases with its mobility in the mediupi of growth. A free move- 
ment of selenate into the area immediately contiguous to the roots, 
for instance, should promote absorption of selenate by the plant, since 
absorbed selenate would be rapidly renewed from other areas. The 
less mobility of selenate in soil than in sand may be due to differences 
in structure or it may be due to an attraction between the colloid and 
the selenate which is weaker than that existing where an insoluble 
compound is formed. In either case it would not be expected to 
parallel closely the chemical composition of the colloid. 

The preceding explanation of the experimental results on the basis 
of mobility of the selenate is quite hypothetical, for we have no data 
regarding the movement of selenate into the area where absorption 
takes place and only presume that it is freer where the downward 
movement of the salt in the pot is freer. The explanation would 
account, however, for the less toxicity (higher half-toxicity values) of 
selenate in soils than in sand, the comparatively little variation in the 
toxicity values of different soils, and the lack of relation between the 
chemical composition of the colloid and its effect on the selenate. 

The experimental results with whole soils, no patter how they are 
explained, show quite clearly that the toxicity of sodium selenate does 
not vary markedly in different soils. Both series of experiments, 
those with whole soils and the preceding ones with sand-soil mixtures, 
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indicate that if soil colloids have any specific effect on the sek'iiutc ion 
it is very small and does not parallel the silica-sexc|iiioxid(' ratio. 

SELENIUM CONTENT OF THE PLANTS 


Many of the plants grown in the preceding experiments W('re ana- 
lyzed for selenium, since it seemed possible that the selenium in tlie 
plant might furnish a better criterion of the soil’s effect, on s('Ienate 
toxicity than the reduction in yield. Only the part of the [)lant above 
ground was analyzed. The roots doubtless contained some selenium, 
but Hurd-Karrer {10) has shown that practically all the selenate ab- 
sorbed by certain plants is located in the part above ground . 

Analyses were made in many cases of the crops grown with both 
0.005 and 0.010 g of selenium per pot. Figure 2 summarizes the 



0.0 


0.010 

Figure 2.— Effect of increasing quantities of sodium selenate on the selenium content of mlHet, 


0.005 

SELENIUM PER POT (GRAMS) 


results. The curve for quartz sand is an average of the results ob- 
tained with quartz sand in 5 experiments, Nos. 12 to 16, and the curve 
for soils is an average of the results obtained with 13 different soils 
in these experiments and in experiment 11. One of the results 
obtained with ^ quartz sand and three of the results with soils 
gave curves differing widely from the average curves shown in 
figure 2, but for the most part individual curves were close to the aver- 
age in form. The curves show that the selenium content of the plant 
above ground tends in general to increase in direct proportion to the 
quantity of sodium selenate applied. This holds for millet up to the 
point where the selenate is sufficient to inhibit yield appreciably, but 
may not hold for plants much more tolerant of selenate. Because of 
this direct proportionafity between selenate applied and selenium 
in the plant, it was possible to calculate the selenium content of plants 
for selenate applications producing half injury. 
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If the selenium content of plants grown in quartz sand at different 
times is considered first, the data on plants grown in soil will be better 
understood. Tables 1 and 3 contain 11 different determinations of the 
quantity of sodium selenate reducing the yield of millet one-half in 
quartz sand and 9 determinations of the selenium content of the crops 
grown with an application of 0.005 g of selenium to the quartz sand. 
These data are brought together in table 6, together with figures cal- 
culated for the selenium content of the plants at one-half injury. The 
quartz sand series of experiments Nos. 9, 10, and 11 are not included 
in the table, since they are the same sand series that appear in experi- 
ments 5, 6, and 4, respectively. These experiments were run in pairs. 


Table 6. — Toxicity of sodium selenate in quartz sand as related to selenium in millet 
plants, determined in different experiments 


Experiment 
' No, 

Half-tox- 
icity 
value Se 
required 
per pot 
to reduce 
yield 
one-half 

Se in 
plants 
grown 
with 
0.005 g of 
Se per 
pot 

Calculat- 
ed Se in 
plants at 
one-half 
injury 
point 

Experiment 

No. 

Half-tox- 
icity 
value Se 
required 
per pot 
to reduce 
yield 
one-half 

Se in 
plants 
grown 
with 
0.005 g of 
Se per 
pot 

Calculat- 
ed Se in 
plants at 
one-half 
injury 
point 

1 

Oram 

0. 0047 
.0054 
.0043 
.0038 1 
.0043 
.0046 
.0037 
.0041 
.0042 

P. p. m. 

400 

P. p. m. 
380 

15— 

Gram 

0. 0037 
.0053 

P. p. m. 
750 1 
630 

P. p. w. 
550 
640 

2 . 1 

16- 

3 



Average 

.0044 

560 ' 

480 

4 

400 

590 

550 

460 

640 

620 

300 

510 

510 

340 

520 

530 

5 

Standard deviation. 
Coefficient of vari- : 
ability ! 

. 00056 
Percent 
13 

. 

111 

Percent 

20 

105 

Percent 

22 

6 

12_,. 

13 

14 




It will be seen that the data obtained in different experiments vary, 
the half-toxicity figures being more constant than figures representing 
the selenium content of the plants. Most of the differences in half- 
toxicity values obtained in different experiments are strictly experi- 
mental error, since they are of about the same magnitude as the prob- 
able error of one determination calculated from the crop weights of 
triplicated pots in a single experiment. For instance, the standard 
deviation of toxicity values in column 2, table 6, is 0.00066 g, and the 
probable errors of the last three values in this column, calculated from 
the probable errors of the average crop weights in an experiment, are, 
respectively, 0.0006, 0.0002, and 0.0005 g. 

Since the variation in half -toxicity values determined at different 
times of the year is not appreciably greater than the variation expected 
of duplicate determinations conducted at the same time, it is obvious 
that the toxicity of sodium selenate is not appreciably affected by 
differences in light, temperature, etc., obtaining in an ordinary glass 
house at different times of the year. This conclusion is rather sur- 
prising, for the intensity and duration of sunUght differed widely be- 
tween some of the experiments. In two experiments where growth 
conditions differed so much that the check pots receiviug no_ selenate 
yielded crops weighing 4.03 and 2.09 g, the selenate applications pro- 
ducing half injury were, respectively, 0.0042 and 0.0041 g of selenium 
per pot. : , 

The coefficients of variability show that the parts per nulhon of 
selenium in plants grown with 0.005 g of selenium and the parts per 
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million of selenium in the plants at half mjurv arc- inon' vanah o than 
the selenium applications producing halt injury. Analytical error 
could not account for this, so far as known, unless it !)(> that si'lenium 
is lost from the plant on air drying. It would siHun to follow, then, 
that the toxicity of absorbed selenate varies sonu'what within the 
plant and that more selenate is taken up when conditions are such 
that it is less toxic. This conclusion, however, is tar from certain. 
It may be that there was sufBcient selenium in the roots, which were 
not analyzed, to equalize discrepancies in tlie selenium lamtimt of the 
plants above ground. It is also possible that the selenium content of 
the plant varies with the stage of maturity and that tlucphmts were 
harvested at somewhat different stages of maturity. Tin- stage of 
development at which the plants were cut (at jointing) was only 
approximately the same. In fact, it is somewhat of a question just 
what constitutes comparable stages of development in sliort- and long- 
day periods if the development of the plant varies with length of day. 
Until the factors responsible for the variable selenium content of the 
plants are established, the half-toxicity determination niay be con- 
sidered a better index of the soils’ effect on selenate toxicity. 

The selenium content of millet grown in different soils receiving 
0.005 g of selenium per pot is shown in table 7. The table also shows 
the selenium content of plants grown in quartz sand in the same 
experiment, and the selenium application reducing the yield one-half 
in the soil. 


Table 7. — Be content of millet grown in soil and in quartz sand with sodium selenate 
applied at rate of 0.005 g Be per pot 




Half-tox- 
icity 
value for 
soil (Se 
required 
per pot to 
reduce 
yield one- 
half) 

Se content of plants 
grown— 

Se content 
of soil- 
growm 

Exper- 

iment 

No. 

Kind of soil 

In soil 

In quartz 
sand in 

1 same ex- 
! per i men t 

plants as 
percentage 
of Se con- 
tent of 
quartz 
sand-grown 
plants 

14 

Colby, No. 6842 

Mg 

6.0 

P. p. m. 
350 

P. p, TO. 
620 

s Percent 

1 56 

10 

Marchajl, No. 8736 

7.1 

560 

550 

102 

11 

do 

4.1 

400 

400 

100 

13 

Spearfish, No. B1086 

7.2 

1 260 

640 

41 

13 

Clarion-- 

6, 1 

260 

640 

41 

14 

Vernon, Nos. 6718-19 

6.9 

340 

620 

55 

15 

Muskingum, No. B407 ' 

7.4 

230 

750 

31 

15 

Kirvin, No. 6678 ‘ 

5.7 

180 

750 

24 

12 

Keyport — 

7,3 

220 

460 

48 

13 

Manor, No. 298—- 

7.4 

250 

640 

39 

15 1 

Kirvin, No. 6679 - 

10,1 

360 

760 

48 

14 

Chester, No. 300— 

7.1 

610 

620 

98 

16 

do— — — - 

8.0 

230 

630 

37 

10 

Cecil, No. 6977 — — — 

5.4 

570 

550 

104 

11 

—do — — 

6.4 

240 

400 

60 

■■■ :.:16 

Nacogdoches, No. 9475 — 

5.0 

340 

630 

54 

14 

Columbiana, No. 9804 

16.4 

130 

620 

21 


Practically all the plants grown in soil have a lower selenium content 
than the corresponding plants grown in sand. The data indicate 
quite clearly, then, that sodium selenate is somewhat less toxic in 
nearly all soils than in quartz sand. The half-toxicity figures pre- 
viously discussed led to the same conclusions, so in a general way the 
analytical data may be taken as supporting the growth data. 
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Although in general there is this agreement between toxicity values 
and selenium content, the variations in selenium content of plants from 
different soils do not follow the variations in toxicity values at all well, 
the correlation coefficient between the two sets of figures being —0.37. 
This was to be expected from the quartz-sand data in table 6, which 
showed that toxicity values obtained in different experiments were 
comparatively constant but selenium content of the plants varied. 
It seemed as though variations induced by growing the plants in six 
different experiments might be eliminated by expressing the selenium 
content of the soil-grown plants as percentages of the selenium con- 
tent of the plants grown in quartz sand in the same experiment. The 
figures obtained in this way are given in the last column of table 7. 
These agree with the toxicity values only slightly better, the correlation 
coefficient being —0.44. 

Neither the selenium content of the soil-grown plants (column 4, 
table 7) nor the relative selenium content (last column, table 7) shows 
an appreciable correspondence with the silica-sesquioxide ratios of the 
soil colloids or with the specific effects of the colloids given in table 5. 
The growth data in table 5, previously discussed, likewise failed to 
show an appreciable correspondence with the silica-sesquioxide ratios 
of the colloids. 

In a general fashion, the selenium content of the plants supports the 
conclusions indicated by the half-toxicity values based on growth' 
but it does not seem to give any added information. The half-toxicity 
values, in being more closely reproducible, seem the more accurate 
criterion of selenate toxicity. Doubtless, with further investigation 
of the factors influencing the selenium content of the plant, these 
figures would be more valuable. 

TESTS WITH PLANTS OTHER THAN MILLET 

The data that have been considered were all obtained with millet. 
Had other plants been used, the figures would no doubt have been 
different, but the general results the same. Millet is more sensitive 
to selenate than many plants, but not exceptionally so. In a test with 
mustard with quartz sand (table 1, experiment 8), half injury was 
produced by 0.0051 g of selenium per pot from sodium selenate— a 
figure near the average for millet. Marquis wheat grown for 48 
days (table 1, experiment 7), seems to be considerably more tolerant 
of selenate than millet. The half-toxicity figures obtained in quartz 
sand, in a Cecil soil-sand mixture, and in the Marshall soil (table 4) 
range from 0.0070 to 0.0078 g of selenium per pot (or about one and 
oue-half times the figure for millet. The figure for wheat in the whole 
Cecil soil is about two-and-a-half times that for millet) . The selenium 
content of the wheat plants above ground at one-half inquiry was 
about two times the average for millet in quartz sand. 

GENERAL CONCLUSIONS 

The foregoing experiments indicate that the toxicity of sodium 
selenate should vary little in different soils. Under comparable con- 
ditions of moisture and fertilization, most soils should tolerate about 
one and one-half times as much selenate as quartz sand, and an excep- 
tional soil, such as the lateri tic Columbiana, might stand three to 
four times as riiuch as the sand. If the data obtained in I-gallon pots 
79780 — 38 -— 2 .".; ' 
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are calculated to an acre 6 inches of soil, figures are olitainod which 
may be incorrect by several hundred percent but ar(> easy to com- 
prehend. The application of 0.0044 g of selenium per pot., which 
reduced the yield of millet one-half in a pot of quartz sand, is ecpiiva- 
lent to a little less than 1 part of selenium per million jiarts of soil 
(0.88 p. p. m.), and the application producing half injury in the aver- 
age soil is a little less than 1% parts of selenium per million, or about 
3 pounds per acre. As a matter of fact, this figure of Ijaji. p. m. or 
3 pounds per acre, is not fantastic. Byers (3) reports selenium absorp- 
tion by certain plants from soils containing such quantities of selenium 
and an apparent effect on the flora. Moreover, boron applications of 
this general magnitude have been found distinctly injurious on some 
soils. It should he understood that selenate is only one of the forms 
in which selenium occurs in soils (Id). 

Apparently the toxicity of sodium selenate may vary more under 
different conditions in one and the same type of soil than under com- 
parable conditions in different types of soil. With a low supply of 
sulphate in the soil, for instance, half as much selenate as the quanti- 
ties mentioned above may produce notable injury. Variations in the 
vertical distribution of the selenate should also affect the toxicity in 
the field. The effect of variation in the water supply 'was not studied, 
but this may influence toxicity. 

The soil colloids seem to have only a slight influence on the to.xicity 
of sodium selenate. Experiments in sand-soil mixtures containing 1 
percent of colloid gave no indication that the soil colloid reduces 
selenate toxicity. But in naost whole soils the selenate was less toxic 
than in quartz sand, and this difference in toxicity presumably should 
be attributed to the colloids in the soils. It does not seem that the 
small reduction in selenate toxicity in whole soils is due to a specific 
reaction between colloid and selenate, resulting in a compound un- 
available to the plant. It seems rather that the reduced toxicity is 
due to a more general effect of the colloids on distribution or move- 
ment of the selenate in the soil medium. 

SUMMAEY 

This investigation deals with the effects of soil colloids on the toxicity 
of sodium selenate to millet, as determined by vegetative experiments 
in pots. The measure of toxicity employed is the quantity of selenate 
required to reduce yield one-half. 

Experiments in quartz sand, in soil, and in sand-soil mixtures show 
that the toxicity of sodium selenate is not appreciably affected by 
phosphate fertilization, but is affected by the vertical distribution of 
selenate in the pot and by sulphate fertilization. VTien the sulphate 
appHcation is high, the selenate application needed to reduce yield 
one-half may be two to three times that needed when the sulphate 
supply is adequate only for maximum yield. 

_ With a constant sPlphate fertilization, sodium selenate is as toxic 
in sand-soil mixtures containii^ 1 percent of different soil colloids as 
in pure quartz sand, but is somewhat less toxic in whole soils. It 
does not seem that the small reduction in selenate toxicity in whole 
soils, as compared with quartz sand, is due to a specific reaction 
between colloid and selenate, resulting in a compound unavailable to 
the plant. The reduction in toxicity seems rather to be due to a 
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general effect of the colloids, possibly on movement of selenate in the 
soil medium. Differences between the toxicities of selenate in sand 
and in 14 soils bear no relation to the silica-sesqiiioxide ratios of the 
soil colloids. 

The quantity of selenate required to reduce yield one-half is un- 
affected by the different growth conditions obtaining in an ordinary 
greenhouse at different times of the year. The selenium content of 
the plants at half injury is more variable than the half-toxicity values. 

Marquis wheat grown for 48 days requires one and one-half times 
as much selenate to reduce yield one-half as millet grown to the joint- 
ing stage, and at half injury the part above ground contains about 
twice as much selenium. 

The data obtained in 1-gallon pots indicate that about one and one- 
half parts per million of selenium as selenate, or 3 pounds per acre 
6 inches, should be distinctly injurious to millet in most soils. This 
calculation from a pot to an acre is of course not reliable, but the 
figure is in harmony with field observations. 

The preceding conclusions apply only to selenium in the form of 
sodium selenate. ^ In work now in progress quite different results are 
being obtained with sodium selenite. 
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GROWTH SUBSTANCE AND THE DEVELOPMENT OF 
CROWN GALLi 

By S. B. Locke, research assistant in plant pathologUf A. J. Biker, professor of 
plant pathology j and B. M. Duggar, professor of botany and plant pathology ^ 
Wisconsin Agricultural Experiment Station.^ 

INTRODUCTION 

Advances made recently in the study of plant growth substances 
and their function in normal growth have raised the question of their 
possible role in atypical and pathological growth and specifically in 
the gall development induced by Phytomonas tumejaciens (Smith and 
Town.) Bergey et al, 

A suggestion of their presence was first given by the marked epi- 
nasty of leaf petioles in plants inoculated with the crown gall organism. 
Other responses, including the initiation of adventitious roots, stimu- 
lation of cambial activity, inhibition of bud development, and delayed 
abscission of senescent leaves, strengthened this suggestion. The 
relation of these responses to growth substances in general are dis- 
cussed by Boysen- Jensen {3)? Most of these phenomena have doubt- 
less been frequently observed by those studying crown gall, but so 
far as the writers are aware only N^mec {26) has interpreted any of 
them in relation to growth substances. Some of the literature provid- 
ing a background for this problem is very briefly considered. 

Epinasty of leaf petioles in tomato, resulting from the rapid elonga- 
tion of cells on the upper side of the petioles, has been induced by beta- 
indole-acetic acid, and by numerous other compounds (7, <S, lO, 11), 
Initiation of adventitious roots in response to treatment with various 
growth substances has been frequently reported. Unsaturated hydro- 
carbon gases {44i 46) J pure auxins { 40 ^ cf. 46), beta-indole-acetic acid 

{39) J and certain other synthetic compounds {47) were demonstrated 
to stimulate the production of root initials. Initiation of roots in 
conjunction with crown gall was apparently observed early in the 
history of the disease (S5) and was confirmed later (J, 25), However, 
this is not to be confused with the hairy root condition caused by 
Phytomonas rhizogenes R. B. W. K. S. 

Growth substances were found {37) to stimulate the cambium. 
Such stimulation was also obtained with beta-indole-acetic acid {36), 
Recently {1) cambial activity has been found to begin at the terminal 
buds and to progress basipetally following the movement of the 
growth substance. Stimulation of the cambium in the vicinity of 
crown gall tissue has also been noted (^d, SS). 

Apical dominance and inhibition of axillary buds was at first attrib- 
uted to a specific retarding substance {34, 36) which was later con- 
sidered to be identical with growth substance {41, 4^). Inhibition of 
axillary buds has been obtained with beta-indole-acetic, beta-indole- 

1 Received for publication November 12, 1937; issued July 1, 1938. This work was supported in part 

by the special research fund of the University of Wisconsin and by the International Cancer Research 
Foundation. , ^ ■ 

2 The writers are indebted to Eugene Herrling for preparing the photographs. 

3 Italic numbers in parentheses refer to Literature Cited, p. 37. 
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propionic {11, S9), and several other indole acids TIh- eflVct of 
crown gall upon bud development has been disputed. Sinitii (J//, 30, 
31) obtained leafy galls by inoculating internodes and n.xillary [)uds 
with crown gall bacteria, and explained it by stinudatioii oi cells al- 
ready possessing the potentiality of shoot formation. I lowever, Levine 
(18, 19, 20) obtained opposing results and observed an itdiibitive effect 
on the leaf-notch meristems of .Bryop/wya/ffl. Ntunee (2-'7) observed 
that inoculation of chicory root cuttings on the upper cut surhiee pre- 
vented the usual formation of shoots there. He concluded that growtii 
substance produced by the bacteria was responsible for this (‘fleet. 

Abscission of leaf petioles commonly follows cdosely after the de- 
terioration or removal of the leaf blades which they suj)p()rt. Laibach 
(IS) found that orchid pollen prevented the falling off of petioles, and 
he ascribed this effect to growth substance. LaKue {17) obtained in- 
hibition of petiole abscission in Coleus with growdh substances from 
leaves, pollen, and urine, and with beta-indole-acetic acid. 

Growth substances have been found to stimulate tlm development 
of "callus,” an effect which approaches the characteristic early con- 
sequence of inoculation with Phytomonas twnefaciens. Laibach and 
associates (14, stimulated callus development on stems of Coleus, 
and Tradescantia with extracts of pollen and of urine and also by apply- 
ing a paste of beta-indole-acetic acid in lanolin to decapitated plants 
of Vida f aba Linn. Brown and Gardner {6) and Link, Wilcox, and 
Link {22) have also stimulated growth with substances isolated from 
crown gall cultures and applied to decapitated plants of Phaseolus 
vulgaris Linn. These authors produced similar proliferations with 
beta-indole-acetic acid. The histological developments produced by 
application of beta-indole-acetic acid resemble closely many of those 
associated with crown gall {12). Following Smith {SO), Riker and 
Berge {27) list numerous other chemical agents capable of stimulating 
cell division locally and say, "The great diversity of materials reported 
to (3ause stimulation suggests that irritation or injury induced by them, 
which is apparently a common characteristic, is more important than 
the nature of the substance.” Levine and Chargaff {21) recently 
tested several cheniical fractions of cr(>wn gall bacteria and found the 
phosphatide fraction the most active in producing cell proliferations. 
It seems uncertain at present which, if any, of the chemicals listed 
belong to the group of growth substances uniier consideration here. 

From these and related investigations it appeared desirable to ex- 
amine the relation between the effects of growth substance and the 
development of crown gall. The work here reported falls under four 
headings: (1) A survey of responses to inoculation indicating the 
presence of growth substance in abnormal amount, (2) estimation of 
amount of growth substance in inoculated and uninoculated tissues, 
(3) production of growth substance by bacteria in culture, and (4) 
determination of the effect of an external source of growth substance 
upon the proliferation of tissues inoculated with an attenuated strain 
of the crown gaU organism. The activities of attenuated anci virulent 
strains have been compared when feasible. A preliminary report {2S) 
has already appeared. 

MATERIALS AND METHODS 

Virulent (A6) and attenuated (A6-6), single-cell sister crown gall 
cultures described by Hendrickson, Baldwin, and Riker {9) were em- 
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ployed. Numerous inoculations have been made into tomato, Sedum, 
Bryophyllum, and Kalanchoe. The attenuated culture has consistently 
induced some proliferation, although it is very slight on tomato and is 
always less than that induced by the virulent strain on the other plants. 

Lycopersicum esculentum Mill, was employed because of ease of 
propagation and the short time required for development of galls fol- 
lowing inoculation. Bryophyllum pinnatum (L.) Kurtz and Kalanchoe 
diagremontiana Hamet^ et Perrier were used because they produce 
relatively large galls with the attenuated strain and have more com- 
pletely dormant axillary buds than the tomato. 

Avena coleoptile tests were made in a dark room at 23^ to 25° G., 
with over 90 percent relative humidity. The oats, supplied by Dr. 
H. L. Shands, were of a genetically stable variety designated “Statens 
Pride, Pedigree 7-7 J’ ^ When the coleoptile reached a length of 2.5 to 
3.0 cm they were ready for use. The first leaf was pulled almost out 
and cut off a few millimeters above the coleoptile tip. The seedlings 
were placed in individual holders with their roots in water. The test 
itself was carried out in two ways. 

For detecting growth substance in inoculated tissues, Wentzs 
method (43a) was used. Tomato seedlings (about 10 cm tall) were in- 
oculated at three points on the stem by means of needle punctures. 
Control plants received sterile needle punctures. After the desired 
interval of time 1-cm sections, each including an inoculation or control 
puncture, were cut from the sterns and placed upright on blocks of 
3-percent agar having the dimensions 1.5 by 4 by 4 mm. After 2.5 
hours the sections were removed and the agar blocks cut into four 
equal parts. These were placed unilaterally on decapitated oat 
coleoptiles. The curvatures produced in 2.5 hours were recorded 
and translated into ^^plant units’^ (the amount of growth substance 
applied in one agar block to give an angle of 1°, cf. (3)), Based upon 
the size of blocks employed in these experiments, one plant unit is 
equal to 0.3 unit. 

A second method, patterned after that of Brecht (4)) was used for 
the detection of growth substance in culture fluids. The acidified 
culture was extracted several times with chloroform, the combined 
extracts equaling twice the volume of the culture. The chloroform 
was then evaporated off and the residue taken up in a small amount 
of water. An equal weight of lanolin was then mixed with the water 
to form a stiff paste. This was applied along one side of decapitated 
coleoptiles for their full length. Readings on the curvatures produced 
were made over a 24-hour period. ^ 

In some of the experiments beta-indole-acetic acid and beta-indole- 
propionic acid in the form of lanolin-water emulsions were used. Low 
concentrations of chemicals were mixed with the water before making 
the emulsion. High concentrations were first mixed with the lanolin. 

KESPONSES OF INOCULATED PLANTS SUGGESTINO THE 
PRESENCE OF GROWTH SUBSTANCE 

EPINASTY OF LEAF PETIOLES 

Epinasty in the lower leaves of young tomato plants bearing several 
well-developed galls was studied in a preliminary experiment. Two 
tomato plants about 15 cm tall were inoculated at five points along 

4 This variety gave approximately the same sensitivity as the Victory oats generally employed in plant 
hormone work.'/, ' 
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the stem by means of needle punctures, one with tlie virulent strain, 
and one with the attenuated strain. A third reeeivi'd sterih' punc- 
tures. Nineteen days later galls were evident on the plant inoculated 





Figure 1,— Stimulation of tissues inoculated with the attenuated crown gall bacteria, and production of 
epinasty following inoculation with the virulent strain. Decapitated tomato plants six weeks after inocula- 
tion: A, Three control punctures above and three attenuated-strain inoculations below; B, three virulent- 
strain inoculations above and three attenuated-strain inoculations below; C, three virulent-strain inocula- 
tions above and three control punctures below. Intact tomato plants 19 days after inoculation at five 
points along the stem: D, Plant with control punctures; E, inoculated with the attentuated strain; 
inoculated with the virulent strain. 

with the virulent strain, and the petioles originating near the galls 
were bent sharply downward (fig. 1, The plant inoculated with 
the attenuated strain (fig. 1, JE') bore small swellings at the points of 
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inoculation and the petioles originating near them maintained ap- 
proximately the same angle as those of the control plant (fig. 1, D). 

Similar results have been observed in a considerable variety of 
experiments. The results from two representative trials are given in 
table 1. Here it appears that, while the virulent strain increased 
epinasty greatly in 14 days, the attenuated strain had no apparent 
influence upon it. 

Table 1. — Epinasty of tomato petioles following crown gall inoculations^ 


Extent of epinasty after number of days indicated 


Inoculant 

Trial No. 1 

Trial No. 2 

0 days 

7 days 

14 days 

0 days 

7 days 

14 days 

Uninoculated 

Degrees 

67 

66 

63 

Degrees 

66 

66 

79 

Degrees 

76 

74 

117 

Degrees 

59 

62 

64 

Degrees 

69 

67 

81 

Degrees 
. 75 
65 
107 

Attenuated strain___^ 

Virulent strain 



1 Plants 6 inches high were inoculated 4 or 5 times, once between each node. Controls received sterile 
punctures. The degrees given are the averages of 30 axillary angles, 5 on each of 6 plants. 


It was noted on numerous occasions that tomato plants bearing a 
single inoculation with the virulent strain exhibited very little epin- 
asty. This suggested a relation between the number of inoculations 
and the degree of epinasty produced, which was tested on four lots of 
five plants each, bearing different numbers of inoculations. The 
results in table 2 show that, with an increase in the number of inocu- 
lations, there was in general an increase in the amount of epinasty 
induced. This is partly because more petioles were near galls on 
plants inoculated in a greater number of internodes, but not entirely, 
since the petioles immediately below the uppermost inoculation 
showed greater epinasty when additional inoculations were made in 
the internodes farther down the stem. 


Table 2. — Increase in epinasty of tomato petioles following increase in number of 
inoculations with the virulent strain 


Inoculations (number) 

Extent of epinasty shown by pet- 
ioles in position indicated 

Average 

axillary 

angle 

First 

Second 

Third 

1, 

Degrees 

90 

90 

106 

no 

Degrees 

84 

105 

104 

113 

Degrees 

90 

103 

101 

125 

Degrees 

88 

99 

103 

116 

2-„.. 

4. 

8. — — 



1 The plants were inoculated once in each of 1, 2, 4, and 8 internodes respectively, beginning at the top 
(first) and proceeding downward. The degrees given are averages of corresponding axillary angles of 5 
plants 3 weeks after inoculation. • 


INITIATION OF ADVENTITIOUS ROOTS 

The initiation of roots in conjunction with crown gall development 
was observed on several species. Figure 2 shows plants 

1 month after treatment. No roots appear on the control plant 
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(D) or on the plant inoculated with the atteim!i 
the plant inoculated with the vh’ulent strain ( F) 
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tated plant was inoculated on the cut surface, the roots appeared on 
the internode several centimeters below the gall. Such results have 
been obtained with this host repeatedly. These roots are not to be 
confused with those arising from the hairy root organism, Phytomonas 
rhizogenes, 

Koot initiation was obtained when Bryophyllum was inoculated 
with the virulent strain, but there was little subsequent development. 
Figure 2 shows three plants approximately 1 month after treatment. 
Foots appeared abundantly from the lower margins of the galls 
induced by the virulent strain (C), while none appeared about the 
swellings induced by the attenuated strain (JS) or on the control 
plants (-4). ^ ^ 

Foot initiation on inoculated tomato plants was quite abundant. 
In one experiment plants about 12 cm tall were inoculated in the 
first five internodes by means of a needle puncture, six with the 
virulent strain and six with the attenuated strain. Six more received 
sterile punctures. The numbers of root primordia appearing on the 
stems were recorded at the time of inoculation and after 1 and 2 weeks 
had passed. After 2 weeks nornial root initiation on the stems tends 
to equalize differences between inoculated and uninoculated plants. 
The results of two representative trials appear in table 3. Plants 
inoculated with the virulent strain produced many more root primor- 
dia than either the controls or those inoculated with the attenuated 
strain. 

Table 3. — Initiation of root primordia on stems of tomato plants inoculated with 

crown gall bacteria ^ 


Root primordia on stems'after number of days indicated 


Inoculant 

Trial No. 1 j 

Trial No. 2 


0 days 

7 days 

14 days 

0 days 

7 days 

14 days 


Number 

Number 

Number ' 

Number 

Number 

Number 

Uninoculated — 

0 

2 

6 

0 

0 

6 

Attenuated strain - 

0 

2 

5 

0 

1 

21 

Virulent strain 

1 

13 

■ 44 

0 

14 

61 


1 Plants were inoculated 4 or 5 times, once for each internode. The figures given are the average number 
of root primordia appearing on 6 plants. 


STIMULATION OF THE CAMBIUM 

Cambial stimulation was studied in tomato plants which were de- 
capitated when they were about 20 cm tall at a point where the stem 
was about 3 mm in diameter. Lots of four plants each were thus 
prepared. To the cut stem tip of one lot the virulent strain was 
applied, to that of another the attenuated strain was applied, and_ that 
of a third was left untreated. Two weeks later gaU tissue was visible 
on the plants inoculated with the virulent strain while none was 
apparent on the others. The intemode below the gaU had increased, 
in thickness at about the same rate as the corresponding intemodes of 
whole plants. However, on the other plants the internode below the 
point of decapitation remained about the same in diameter as when 
the cut was made. One month after inoculation the stem thickness 


^ respectiM^oi^Sr ?eISMo»S^ 

6.0 mmibr those inoculated with the virulent strain. Similar result' 
f ^cond trial. Stimulation of cambium in decani 
tated internodes of i&foTic^oe and Bryo'phyllum slso was obtained fol 
lowing inoculation with the virulent itrlin of crown gSl SeS 
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(fig. 3). Sliding-microtome sections of the Kalanchoe plants showed 
a solid cylinder of secondary xylem in the inoculated plant but ap- 
parently no secondary xylem in the uninoculated plant (fig. 4). 
Freehand sections of both sets of material revealed that, although some 



Figure 4.-— Camera-lucida drawings of portions of vascular cylinders of decapitated Kalanchoe plants 7 
weeks after treatment: A, an uninoculated plant showing no secondary xylem; B, a plant inoculated on 
the cut surface with the virulent strain of crown gall bacteria, showing a broad band of heavy-walled 
secondary xylem. These sections were made a few millimeters below the tips of plants A and B o f 
figure 3. 

increase in size of the pith cells had occurred, the greater part of the 
increase in thickness resulted from activity of the cambium. 

INHIBITION OF BUD DEVELOPMENT 

With Kalanchoe and Bryophyllum the inhibition of development of 
the axillary buds was clear-cut in repeated trials with plants decapi- 
tated and inoculated with the virulent strain on the cut surface (fig. 
3, A, C). In plants decapitated but iiot inoculated (fig. 3, B, D) the 
axillary buds of the uppermost remaining node developed into shoots. 

Inhibition of axillary buds following decapitation was similarly 
obtained in the vicinity of inoculations in repeated trials with tomat 
but only when removal of the part of the plant above the inoculations 
was delayed until galls were well , developed. 
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Evidence of inhibition of development of adventitious buds was 
obtained with decapitated tomato plants. In the first trial three 
lots of eight plants each were employed. Plants inoculated on the 
cut surface with the virulent strain developed abundant gall tissue 



Figure 5. — ^Inhibition of development of adventitious shoots on decapitated tomato plants inoculated 
withivirulent crown gall bacteria. Axillary buds not removed; A, Inoculated with the attenuated strain ; 
JS, inoculated with the virulent strain; C, uninocuJated. Axillary buds removed: D, Inoculated with 
the virulent strain; B, inoculated with the attenuated strain; F, uninoculated; G, inoculated with a mixture 
of the virulent and attenuated strains. 

but no adventitious buds (fig. 5, B), Plants inoculated on the cut 
surface with the attenuated strain developed numerous adventitious 
buds and shoots and, later, darge masses of green gall tissue at the 
cut surface (fig. 5, .A). Uninoculated plants developed no callus or 
adventitious buds at the cut surface (fig. 5, (7.) A second trial was 
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made on decapitated plants from which, in addition, all axillary buds 
had been removed. ^ This treatment resulted in a greater tendency 
to produce adventitious buds, which appeared on all of the plants. 
However, on plants inoculated with the virulent strain these remained 
very small (fig. 5, D). On plants inoculated with the attenuated 
strain large shoots and later large m.asses of green gall tissue developed 
(fig. 5, E), Uninoculated plants developed shoots hut no gall tissue 
(fig. 5, F).^ Plants inoculated with a mixture of virulent and atten- 
uated strains produced two kinds of gall tissue, one pale and free of 
buds and the other green and bearing numerous adventitious shoots 
(fig. 5, U). 

The effect of the attenuated strain on development of axillary buds 
was not determined on Kalanchoe and Bryophyllum by the above 
method because inoculations made on the cut surfaces of decapitated 
plants consistently failed to develop galls. Stem-puncture inocula- 
tions, however, produce good-sized galls on these plants, and it has 
been observed that axillary buds in the vicinity of the galls frequently 
develop into short shoots even when the top of the plant is not removed. 
This has never been observed in the dozens of plants inoculated with 
the virulent strain during the course of this study. These results 
indicate that the attenuated strain not only fails to inhibit bud 
development but even stimulates it. 

The nieehanism of this stimulation is not known. Among the 
possibilities are (1) a specific shoot-stimulating substance, (2) isola- 
tion of the axillary buds from influence of the apical bud by distortion 
of conducting tissues, and (3) removal of growth substance or other 
growth inhibitors by the inoculated tissues. 

DELAY OF PETIOLE ABSCISSION 

Delay of abscission of leaves inoculated with crown gall was con- 
spicuous in Kalanchoe. In one case a lower leaf bearing two galls 
about 1.5 cm in diameter persisted while the plant had increased in 
height and had shed the leaves of eight higher nodes (fig. 2, G). 

Similar effects were observed on tomato. For example, six plants 
each were inoculated with the virulent and attenuated strains by 
means of shallow needle punctures on the upper surface of several 
petioles just below the first leaflet. Control plants were treated 
similarly, using a sterile needle. Two weeks after inoculation swell- 
ings were visible at the inoculated points. At this time the parts 
distal to the swellings were cut off. Virulent and attenuated strains 
of the crown gall bacteria were in this case about equally effective in 
inhibiting abscission (table 4). 


Table 4:.— -The inhibiting effect of crown gall on abscission of leaf petioles in tomato 


Inoculant 

Treated 

petioles 

Treated petioles remaining attached 
after'— 

14 days 

19 days 

33 days 

43 days 

XJninoculate d-__. 

Number 

28 

64 

31 

Per cent 
64 ' 
100 I 
. '"100 

Percent 

25 

100 

93 

Percent 

0 

67 

58 

Percent 

0 

39 

1 ' ■ 35 

Attenuated strain. -.-— — 
Virulent strain__.__._ — . 



1 Petioles were inoculatedjust below the first leaflet 2 weeks previous to removing the distal portion of the 

■leaf.,'''::/ 
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The effect of inoculation with crown gall bacteria on petiole abscis- 
sion in Bryophyllum was tested on lots of seven plants each. One 
petiole of five or six pairs on each plant was inoculated at the base of 
the leaf blade. The other member of each pair received a control 
puncture. Six weeks after inoculation the leaf blades were removed 
by severing just above the point of inoculation. At this time small 
galls (2 to 5 mm) had developed from the inoculations miule with the 
virulent strain. Inoculations with the attenuated strain had pro- 
duced swellings only slightly larger than those on the 61 control petioles. 
Three days after the removal of the leaf blades all of the control petioles 
had been shed. Of the 32 petioles inoculated with the attenuated 
strain 8 remained attached. All 29 of the petioles inoculated with 
the virulent strain remained attached and were still attached after 2 
weeks. At this time two additional petioles inoculated with the at- 
tenuated strain had been shed. In this case the virulent strain was 
more effective than the attenuated strain in preventing abscission. 
Other trials on Bryophyllum gave similar results. 

DETERMINATION OF GROWTH SUBSTANCE IN INOCULATED 

TISSUE 

Although the foregoing experiments furnish strong evidence for the 
production, either by the bacteria or by the host cells, of growth 
substance in inoculated tissues, more direct evidence was sought. 
Wentzs Avena test was employed as described in the section on ma- 
terials and methods. 

In one trial determinations were made on one inoculated and one 
uninoculated tomato seedling 3 days after inoculation, and on similar 
plants, 6 and 9 days after inoculation. The amount of growth sub- 
stance detected, expressed in plant units, appears in table k Another 
trial was inade in which three seedlings were used for each determina- 
tion after intervals of 3, 6, 8, and 10 days. The results were similar 
to those of the first trial. More growth substance was obtained from 
inoculated than from the uninoculated tissue. 

Unsuccessful trials were made by means of Went’s Avena test with 
tissue from well-developed galls. No significant amount of growth 
substance was detected. Likewise, attempts to extract large crown 
galls with chloroform and alcohol to secure a growth substance have 
failed. The details are omitted because of the negative results. 


Table 5. — Production of growth substance in tomato seedlings inoculated with crown 

gall bacteria ^ 


Days after 
inoculation 

Production of growth sub- 
stance per seedling of— 

Uninoculated 

plants 

Inoculated 

plants 

3 

Plant 

53 

Plant units 2 
86 

6 

16 

143 

9 

17 

276 


1 Determinations were made by means of Went’s Avena test on 3 1-cm stem sections from a single seedling, 
each bearing an inoculation with the virulent strain or a control puncture. 

• ® amount of growth substance applied in 1 agar block to give an angle of 1° (equal to 0.3 Avem unit 

in this case; thus 276 plant units equal 83 units). 
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PRODUCTION OF GROWTH SUBSTANCE IN CULTURE 

Growth-substance production by crown gall bacteria in media was 
studied in a preliminary way. Such substances were found in cultures 
on peptone medium containing tryptophane by Brown and Gardner 
(d) and by Link, Wilcox, and Link (22), In view of reports of similar 
action by various other micro-organisms (5) it seemed desirable to 
make a comparison between pathogenic and nonpathogenic organisms 
with respect to this character. 

Several preliminary experiments have been completed with the 
virulent and attenuated strains of crown gall bacteria and with a 
single-cell culture of Bacillus radiobacter Beij. and Van D eld., in beef 
broth containing peptone and tryptophane. Growth substance was 
extracted from the cultures with chloroform, recovered by evaporation, 
and incorporated into a lanolin-water paste. The activities of the 
various preparations were tested on oat coleoptiles after Brecht^s 
method (14). Some growth substance was obtained from cultures of 
all three organisms and also from the unseeded medium. Only about 
four times as much was obtained from the virulent crown gall cultures 
as from the nonpathogenic jB. radiobacter culture. No consistent 
dijGFerence in the production of growth substance has thus far been 
established between the virulent and attenuated cultures of crown 
gall bacterial. 

EFFECT OF GROWTH SUBSTANCE ON TISSUE INOCULATED 
WITH THE ATTENUATED STRAIN 

The relation of growth substance to the development of tissue about 
inoculations with the attenuated culture was studied. It appeared 
that, if the failure of the attenuated strain of crown gall bacteria to 
induce galls on tomato were associated with the absence of growth 
substance the application of growth substance should result in in- 
creased proliferation. Tests were made with growth substance from 
several sources. 

GROWTH SUBSTANCE FROM THE EXPANDING FOLIAGE OP THE HOST 

When inoculated into tomato plants the attenuated strain may 
have some effect, as already seen in figure 1, Swellings were 
induced that were distinguishable from those resulting from control 
punctures, possibly owing to the growth substance which normally 
originates in the expanding foliage of the plant, which passes down- 
ward into the inoculated tissues, and there increases proliferation. 
To test this suggestion, three inoculations were made with the at- 
tenuated strain in each of four decapitated and four whole tomato 
plants. Control plants received sterile punctures. Ten days later 
inoculations on decapitated plants were indistinguishable from^ con- 
trol punctures while those on whole plants showed swellings distinctly 
greater than those resulting from control punctures. Similar results 
were obtained in a second trial on tomato employing lots of eight 
plants each. In this trial slight swellings appeared after 6 weeks on 
some of the decapitated plants, but the largest of these (fig. I, A) 
were smaller than the smallest of those on the whole plants. In some 
cases the inoculations with the attenuated culture on decapitated 
plants was little, if any, larger than the control puncture. 

^::\79780—38~— S' 
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The effect of expanding foliage on inoculations with the attenuated 
strain was also tested on Bryophyllum. Five ]>lants ranging from 12 
to 20 cm in height were inoculated with this strain fi\'e tinu's in the 
upper part of the stem. Five more were inoculated in the same way 
but after they had been decapitated and (.lefoliated in tlu' region 
inoculated. Galls developed from all of the inocidations in the whole 
plants, while in the decapitated plants gall developnumt took i)lace in 
less than half of the cases and was slower. The stimulating effect of the 
foliage was quite evident. 

GROWTH SUBSTANCE PROM GALLS INDUCED BY THE VIRULENT STRAIN 

Experiments were made to determine the effect of growth substance 
from active galls upon tissues inoculated with the attenuated strain. 
Three lots each containing six tomato plants about 25 cm high were 
decapitated and the leaves and axillary buds of the two nodes next 
below were removed, leaving a bare stub approximately 10 cm in 
length. Six puncture treatments were made approximately 1 cm 
apart in the denuded stubs as follows: In the first lot, three control 
punctures at the top and three inoculations_ with the attenuated 
strain below; in the second lot, three inoculations with the virulent 
strain at the top and three with the attenuated strain below'; and 
in the third lot, three inoculations with the virulent strain at the top 
and three control punctures below. Six weeks after inoculation, 
galls developing from the inoculations with the virulent strain had 
attained diameters ranging from 1 to 2 cm. No swellings developed 
at the control punctures made below the virulent strain inoculations. 
From 18 inoculations made with the attenuated strain below control 
punctures there developed only 4 very small proliferations (1 to 5 mm 
in diameter), while from an equal number of inoculations made below 
inoculations with the virulent strain there arose 4 large (10 to 15 mm 
in diameter) and 5 small (5 mm in diameter) galls. 

Similar results were obtained in two other trials involving lots of 
four and eight plants per treatment, respectively. Results are 
illustrated in figure 1. In both of these trials the inoculations with 
the attenuated culture were made 3 days before those with the patho- 
genic culture in order to reduce the possibility of contamination. 
These experiments indicate that, when some substance from the 
tissue inoculated with the virulent strain diffuses down the stem, 
inoculations with the attenuated strain are stimulated until they 
equal in size those of the virulent strain. Here, as in other inocula- 
tions on tomato with these two cultures, the galls from virulent 
cultures were without chlorophyll while those from attenuated cul- 
tures were green. 

BETA-INDOLE-ACETIC ACID 

The effect of beta-indole-acetic acid on tissues inoculated with the 
attenuated strain was tested. Decapitated tomato stems were inocu- 
lated at three points near the top with the attenuated strain and the 
growth substance was applied in lanolin-water paste to the tip of 
the stub and renewed at weekly intervals during the experiment. 
Three trials made mth lanolin-water paste containing 0.05 mg of 
beta-indole-acetic acid per gram gave only negative results. The 
fourth and fifth trials were made with a high concentration of beta- 
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indole-acetic acid (30 mg per gram of paste). In the fourth trial the 
axillary buds were removed from the plants. Four weeks after 
inoculation the stems of plants treated with lanolin-water paste con- 
taining beta-indole-acetic acid had grown until their diameters were 
twice those of the other plants. The results were confused by the 
appearance of adventitious shoots at the inoculations on the control 
plants and subsequently of smooth, dark-green galls, possibly con- 
, ditioned by growth substance originating in the adventitious shoots. 

Nevertheless, there was apparently a slight stimulation in plants 
treated with the acid over untreated plants. 

A fifth trial with lots of 10 tomato plants each was carried out in 
, the same way except that the axillary buds were not removed and 

adventitious shoots did not appear. After 10 weeks the galls were 
removed and weighed. For plants treated with lanolin-water paste 
containing beta-indole-acetic acid the average weight of gall tissue 
per plant was 1.04 g. For control plants treated with lanolin-water 
paste containing no growth substance it was 0.70 g. 

These results indicate that, under the conditions of these experi- 
ments, beta-indole-acetic acid in high concentration is only slightly 
effective in stimulating proliferation of tissues inoculated with the 
attenuated strain, being less effective in this respect than substances 
diffusing from active galls and from the host plant foliage. 

DISCUSSION 

It appears from the evidence, presented that growth substance is 
associated with crown gall tissue. Also, it is apparently a limiting 
factor in the development of galls on tomato by the attenuated 
strain used. 

Several recent writers (6j 12, 22) have dealt with the parallel be- 
tween the response of beans to beta-indole-acetic acid and crown gall 
on various plants. These workers have been very guarded about 
conclusions. Link, Wilcox, and Link {22) report that galls are the 
result of a causal complex, of which beta-indole-acetic acid possibly 
is one constituent. The identity of this substance was based on a 
color reaction with a crude extract and is open to question. 

Various nonpathogenic as well as pathogenic organisms produce 
beta-indole-acetic acid on suitable peptone medium. It has been 
considered {22) that gall production may be initially conditioned by 
^ ''factors determining infection'^ rather than by specificity of the 

chemical mechanism involved. In this connection it is interesting 
that the attenuated crown gall culture multiplies within tomato stem 
tissues for the common incubation period at approximately the 
same rate as the virulent cultures. Thus during the incubation 
period the plant has apparently no bacteriostatic effect on the causal 
organisms. 

In the production of proliferation on beans, beta-indole-acetic acid 
has been commonly employed at a concentration of 30 mg per gram of 
lanolin {6, 12, 22). One-tenth this concentration gave little if any 
response. As employed by the present writers one application of this 
paste amounted to one twenty-fifth of a gram and therefore contained 
30,000,000 units (S). During this investigation the greatest 

amount of growth substance obtained by the coleoptile tech- 
nique from three crown gall inoculations was 83 units (table 5). 
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Yet substances diffusing from three sucii inoculations produced greater 
stimulation of tissues inoculated with the attenuated strain than the 
high concentration of beta-indole-acetic acid employed. 

Responses of plants like bean, sunflower, Coleus, and Impatiens to 
beta-indole-acetic acid do not parallel their responses to crowm gall 

bacteria (28 ) . . . , , ^ • , 

Another item for consideration is the number ol bacteria involved. 
In order to obtain enough growth substance to produce significant 
proliferation with present technique a relatively large quantity of 
culture must be extracted— a quantity containing a great many times 
the number of bacteria present in a comparable crown gall. 

In view of the evidence now available it seems better to reserve 
judgment about beta-indole-acetic acid playing a major role in the 
development of crown gall. 

As was pointed out by Leonian {3, review) galls may be the result of 
excessive production of growth substance by the host tissues under the 
influence of the bacteria rather than the result of growth substance 
furnished by the pathogen to the host plant. This view finds support 
in the fact that substances diffusing from the host plant foliage and 
from active galls are alike in that they stimulate proliferation of tissues 
inoculated with the attenuated strain much more than do_ applications 
of beta-indole-acetic acid. Where they have been identified, growth 
substances obtained from higher plants have been of the auxin-a or 
auxin-b type, while those obtained from cultures of bacteria have 
been of the heteroauxin type, (5, 38). It therefore seems probable that 
the substance coming from the active gall is, like that from the host 
plant foliage, of the auxin-a or auxin-b type. 

SUMMARY 

Plants inoculated with a virulent strain of Phytomonas tumefaciens 
exhibit, in addition to gall development, responses that suggest an 
increase in amount of growth substances present. These responses 
include (1) increased epinasty of leaf petioles, (2) increased initiation 
of adventitious roots, (3) stimulated cambial activity, (4) inhibited 
development of certain buds, and (5) delayed abscission of senescent 
leaves. An attenuated sister strain was less effective in inducing most 
of these effects as well as in bringing about gall development. 

Adventitious shoots were stimulated on decapitated tomato plants 
by inoculating the wound with the attenuated culture. 

Greater amounts of growth substance were detected by the Went’s 
Avena test in inoculated than in comparable uninoculated tissues of 
tomato seedlings. The amounts detected were equivalent to only a 
tiny fraction of that commonly used in the beta-indole-acetic acid 
treatment for production of proliferations on bean. 

Preliminary experiments failed to establish a relation between 
ability of virulent and attenuated cultures to produce growth sub- 
stance in culture and abUity to induce galls in plants. 

_ Growth substance from expanding foliage provided some stimula- 
tion to tissue inoculated with the attenuated culture. Such substance 
from gall tissue induced by a virulent strain stimulated strongly the 
tissue inoculated by the attenuated strain. Beta-indole-acetic acid was 
only slightly effective in this respect. 
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The probable origin and chemical nature of the growth substance 
or substances involved are discussed. It is concluded that the chief 
growth substance thus far detected in crown gall is more probably 
of the auxin-a or auxin-b type than of the heteroauxin type, and that 
it is more likely a product of the host cells under the influence of the 
bacteria than a direct bacterial metabolic product. 
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A PHOTOELECTRIC SORTER FOR LENGTH MEASURE- 
MENTS OF FIBERS OF SEED COTTON' 


By Btjrt Johnson 

Assistant agronomist ^ Arkansas Agricultural Experiment Station 

INTRODUCTION 

Both the cotton breeder and the textile engineer are concerned with 
the important factor of the length of cotton fibers, especially the aver- 
age length of the fibers and the dispersion of lengths from the average. 
The original degree of uniformity of the fibers as found on the cotton 
seed may be disturbed by the effects of ginning, baling, compressing, 
and the several spinning operations. Although the breeder must not 
lose sight of the effects of the several industrial processes on fiber- 
length uniformity, he is more directly concerned with uniformity of 
the fibers as found on the cotton seed. 

The purpose of this paper is to describe an apparatus for sorting 
cotton fibers as to length by the use of a photoelectric cell.^ At present 
the method has not been adapted to ginned lint, or to multiple-seed 
sortings, but this fundamental or basic design of the apparatus can 
be adapted, if necessary, to fit other needs and problems. For exr. 
ample, modifications of this fundamental design to handle several 
seeds at a time might be made. As now constructed, the machine is 
especially applicable to the work of the cotton breeder and agronomist. 
It offers a rapid and practical means of sorting fibers as to length within 
satisfactory limits of accuracy. 

METHODS OF OTHER WORKERS 

Regardless of the contributing factors affecting the degree of uni- 
formity of lint, there remains the very practical consideration of 
methods of measuring fiber lengths. Cotton breeders are especially 
anxious to use rapid means of sorting cotton fibers as to length, and 
mechanical sorters have been used to good advantage in breeding work. 
Several ingenious means of meeting this need along with discussions 
and criticisms of their utility may be found in the literature (J, 4, 67 
7 , 8 j 11 j IS)} The purpose here is not to describe in detail each of 
these methods, but rather to discuss briefly certain mechanical or 
sampling problems as recorded by the authors of the methods or by 
critics of the methods. 

The difficulty with most of the methods in present use, for practical 
purposes, is their slowness of operation. In some cases a considerable 
degree of skill must be developed before reliable results can be ob- 
tained. With all methods there is the difficulty of securing suitable 

1 Received for publication January 27, 1938; issued July 1, 1938. Contribution from the Bepartoent 

of Agronomy, Arkansas Agricultural Experiment Station. Research paper No. 498, Journal Series, Uni- 
versity of Arkansas. . . . . . , A . 

2 The application of this particular technique to the sorting of cotton fibers originated with Br. 0. A. 
Pope while with the Arkansas Agricultural Experiment Station. The basic design of the machine which 
employed has been retained. The writer applied methods of maintaining steady light sources and used the 
apparatus extensively in breeding, genetic, and agronomic experimental work. 

3 Italic numbers in parentheses refer to Literature Cited, p. 56. 
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samples. Difficulty in sampling is not necessarily due to defects in 
the methods of sorting, but is inherent in the nature of cotton itself. 
Problems of sampling" are met whether the sorting nu'thod usc^s the 
composite sample offered by ginned cotton, or samples taken from 
seed cotton. These sampling difficulties in the cotton itself may be 
partly overcome by more rapid sorting of larger samples. However, 
it has been pointed out that most of the variability found in lint of 
P ima cotton is contributed by the seed itself and larger samples of 
seed cotton would closely approximate the variability of lint lengths 
found on a single seed (10). This observation is probably applicable 
in somewhat less degree to other cottons. 

A present method for ginned cotton as embodied in the Suter-Webb 
(IS) and sinoilar sorters has the advantage of a composite sample, but 
the process is slow. Any other method, such as Ball’s sledge sorter, 
for ginned cotton also has the advantages of a composite sample if the 
sample is properly prepared. Ahmad aiid Nanjundayya (1) have 
recently described a sorter which determines the average length of 
ginned cotton perhaps more rapidly than other manual methods. 
However, on the face of it, it seems that this method would give only- 
one statistic — average length — and would ignore the percentage of 
waste fibers, the model length, and dispersion from the average. By 
this method these authors also claim to obtain a measure of fineness. 

Several methods for sorting lint still attached to the cotton seed 
have been devised in this countiy. Machines have been made to 
handle one (6) or more (8) seeds at a time. Siich sorters have been 
used advantageously by breeders and agronomists (.9), (12). The aim 
of these devices is to increase the speed of sorting and to take advan- 
tage of the appro.ximate alignment of the basal ends of the fibers on 
the seed coat. McNamara and Stutts (6) have discussed the accuracy 
of this alignment and also the degree of alignment obtained at the 
distal ends of the fibers where they are grasped by the forceps. 

All the methods thus far mentioned may under certain conditions 
give additional short fibers due to breakage during the sorting process 
itself. However, in the hands of a skilled operator, such possible 
breakage is probably a negligible factor. 

Hertel and Zervigon 4) have employed a method of sorting fibers 
as to length by the use of a device employing photoelectric cells. This 
apparatus was originally desired to sort fibers on a single cotton seed. 
The advantage of the approximate alignment of the fibers on the seed 
coat was largely counteracted by the number of seeds required for a 
good sample. Nevertheless, this method for a single seed is compara- 
tively rapid. This device is now used for sorting lint as found in 
rovings, and a theoretical consideration (S) has been given to the 
accuracy that can be obtained with ginned cotton partially parallelized 
in the m,anufacture of the roving. 

Hertel’s apparatus employs two photoelectric cells balanced against 
each other in relation to a single source of light and connected in paral- 
lel with a galvanometer. A cam, shaped according to considerations 
of theory and experimentation, is moved between the light and one 
of the photoelectric cells at a rate proportionate to the number of 
fibers lying between the light and the other photoelectric cell. The 
drawing of the cotton lint between the light and the photoelectric cell 
moves a pen, while the movement of the cam moves a card at right 
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angles to the movement of the pen. The results of the fiber length 
distribution are recorded as a curve on the card . Hertel has discussed 
the statistics that may be derived from this curve (3). 

DESCRIPTION OF PHOTOELECTRIC LINT-SORTING APPARATUS 
FOR SEED COTTON 

An apparatus somewhat different in principle from Hertel’s has 
been used in the cotton fiber laboratory of the Arkansas Agricultural 
Experiment Station. The apparatus consists essentially of a boxlike 
cabinet having a curved slit in the lid. Suitable devices are provided 
for holding a combed cotton seed and for drawing the parallelized 
fibers across the sht. Inside the box and directly under the slit is 
mounted a photoelectric cell. This very simple arrangement is sup- 



Figure l.— -View of assembled photoelectric cotton-sorting apparatus: Lid; c, clamp; b, bar; h, handle of 
clamp-moving device; a, scale; k, handle of guide-moving device; p, pillar; g, guide. 

plemented by several accessories, as follows: To the photoelectric cell 
is connected a micro ammeter of 300 microamperes range. Light is 
directed downward on that part of the lint lying over the slit. In the 
light housing is a 6-volt, 18-ampere, ribbon-filament bulb. This shape 
of filament more adequately covers the long narrow slit than would 
other kinds of filaments. Through openings in the light housing, the 
light beam is passed through a series of lenses and mirrors (this type 
bulb must stand upright, base down) to place an image of the ribbon 
filament on the cotton over the slit. The current to the light_ bulb 
is passed successively through a voltage regulator for producing a 
steady current, a 6-volt transformer, and a com.mon tumbler switch. 
A steady voltage is essential, but other methods for the same purpose 
might be used. The source of light is so arranged that two photo- 
electric sorters can be operated at the same time from the one light. 

Figures 1 and 2 show in detail the construction of the sorting appa- 
ratus. The slit (s) in the lid (/) is curved slightly as a partial com- 
pensation for the curvature of the seed. The inside and the outside 
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arcs of the slit are made on radii of three fourtlis and thirteen six- 
teenths of an inch, respectively, and are cnneentric. Th(> distance on 
a straight line through this slit varies from place to place. Therefore, 
a slit made so that the edges are eccentric to each other might produce 
a more accurate reading. Guides (p) can be opened or eloscul over 
the slit by turning a knob (k). The guides for all tlu' work repoi'ted 
in this paper were seventeen thirty-seconds of an inch apart. The 
pillars ip), to which the guides are fastened, are moved backward 
and forward by left- and right-hand threads on the shaft_ (//()• The 
purpose of the guides is to confine all the lint over the slit. By ad- 
justing the space between them, the width of opcTiing for any par- 


Figure 2.--View of photoelectric cotton sorting apparatus with lid of cabinet laid back to show interior 
of cabinet: s, Slit; r, rack; t, gear; pc, photoelectric cell; m, shaft with right- and left-hand threads. Other 
symbols as in figure 1. The mieroammeter at right is connected directly to the photoelectric cell. 

ticular requirements of light or sample can be met. The photoelectric 
cell is indicated by pc. 

A previously combed cotton seed is placed in the clamp (c). The 
gear (0, moved by turning (h), engages the rack (r). This rack is at- 
tached to the bar (b), to which the clamp (c) is fastened. On the bar 
is a mark which is alined with the zero of the scale (a), having Ke-inch 
divisions. 

In operation, the fibers, after being combed, are further straightened 
as much as possible between the fingers, and the combed seed is then 
placed in the clamp. The clamp is swung downward and the fibers 
are placed between the guides. By manipulation with the fingers, 
the fibers are straightened out as much as possible between the guides, 
and the mark on the bar brought up to the Kednch mark on the scale. 
A reading is made from the inicroammeter. T bar, clamp, and seed 
are moved back one sixteenth-inch more, and another reading from 
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the microammeter is recorded. This is repeated until all the fibers 
have been pulled past the slit, a reading being taken each one-sixteenth 
inch. The final reading is a blank with no fibers over the slit. 

The seed is then removed from the clamp, reversed, the fibers on 
the other half of it straightened, and the combed seed returned to the 
clamp ready to have the second half of the lint sorted. In this way 
all the fibers are sorted, eliminating the very serious error that may 
occur when only part of the fibers is considered. The great irregu- 
larity in lint length that may occur on a single seed has been noted 
by other investigators, among whom may be mentioned Cook (2), 
Hertel and Zervigon (4), Pope (7), and Richmond and Fulton (10). 
Class lengths other than one-sixteenth of an inch may well be used 
when the degree of separation need not be too minute. For most 
practical or routine purposes the }^-inch class length is perhaps 
to be preferred. In practice it has been found that when using 
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Figure 3— Form of work sheet and sample calculation for the length sorting of fibers from one cotton seed. 

the )^4iich class length, an operator can sort an average of 12 seeds 
an hour. This average is based on the use of long-, medium-, and short- 
staple cottons just as they come to hand from a randomized variety 
test. The seeds are previously combed, and this operation would 
reduce the number of sortings per hour if the operator also had to 
comb his cotton. 

CALCULATIONS 


The present method of calculating the data from the work sheets 
is as follows: The readings at the corresponding length groups of 
both halves (columns 2 and 3, fig. 3) of the combed seed are added 
(column 4). This includes the final or blank reading. Next the 
total reading from the shortest length group measured (one-eighth 
inch) is then subtracted in turn from each of the other readings, giv- 
ing readings based on the relative number of fibers found in that 
particular sample, as shown in column 5. As a consequence, the 
first reading is always zero. Then, these new readings are each in 
turn subtracted from the combined blank (or final) reading, which 
gives the amount of light absorbed by the fibers (column 6). The 
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percentage absorption is found bj dividing the blank (or linal) read- 
ing into each of the absorptions at the several length intervals in 
turn. These percentages are recorded in coluinn 7, As a result, the 
first reading will be 100 percent absorption and the final reading no 
absorption. 

The determination of the relative number of libers in a length 
group is accomplished bj subtracting the i)ercentage absorption for 
that length group from the next shortest length group, or simply by- 
subtracting the percentage of absorption from the one above it 
(column 8). In the data given in tliis paper, the bottom point of 
each length group has been used as the point of measurement. The 
cumulation of the fractional length percentages (coluinn 9) not only 
serves to show the percentages of fibers in a set of length groups 
(e. g. the percentage one-half inch and less in length), but it also acts 
as a partial check on the accuracy of the subtractions in the ^^per- 
centage of absorption” column. ^ Or an ogive curve could be con- 
structed directly from the cumulations if each were entered in column 9 
(such data are not shown in fig. 3). 

The proportionate total length of fibers in any length group is 
found by multiplying the value of each length group (column 1) 
by the percentage fractional number of fibers for the corresponding 
length group (column 8). The result is placed in column 10. These 
values are then added and the sum divided by 100 to give the mean 
length of fibers in the entire sample. In the illustration (fig. 3) 
the class length used was one-eighth inch. 

From data of this type, the modal group is readily selected, per- 
centages of fibers in any one length group or in combinations of 
length groups are readily obtained, mean length based on relative 
number of fibers is determined, and measures of dispersion may be 
calculated. Figure 3 shows some of these data with siiggestions as 
to other possible statistics. 

In practice, a table is used to convert the readings in column 5 to 
^^absorption in microamperes” and “percent absorption” (columns 6 
and 7, respectively^).^ As a further saving of time, the data in column 6 
usually are not copied. The data in this column, after having been 
used in the calculation of “percent absorption” in the conversion 
table, do not enter further into the computations on the work sheet. 

EXPERIMENTS WITH THE PHOTOELECTRIC SORTER 

A large number of samples of seed cotton from various kinds of 
fertilizer, breeding, and genetics tests have been sorted with the 
photoelectric sorter. These data are not presented here in to to, but 
only such parts as show the advantages, disadvantages, and degree of 
accuracy of the method. The photoelectric sorting method gives 
satisfactorily comparable results in a series of determinations. Such 
measurements would be of comparable value among themselves, but 
might be difficult to correlate in terms of other methods. A method 
may also be compared directly to some method whose accuracy is 
generally accepted as giving a true concept of the reliability of the 
method under test. Both kinds of data are given below. 

It is necessary to know whether or not repetition of sortings on a 
given sample by the photoelectric sorting method will give duplicate 
results. Bata from an experiment to establish whether or not results 
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secured by operator A using insti'ument A could be repeated by opera- 
tor B with instrunient B are found in tables 1 and 2. hi o attempt had 
been made to calibrate these sorters in terms of one or the other. 
However, the effect of the intensity of light on results will later be 
pointed out. In this experiment 10 cotton seeds were selected repre- 
senting various lengths of staple, each seed being an individual sample. 
Operator A made three photoelectric fiber sortings of each seed on 
instrument A, Then operator B, using instrument B, repeated this 
process three times with the same samples. By using Student's 
method (as discussed, by Love and Brunson (5)), the odds that a real 
difference in results in this experiment were found to be 38:1. The 
raw data are given in table 1. The average lengths found for each 
sorting were determined separately and recorded in the columns 
^^mean lint lengths of individual sortings” of table 1. The extreme 
differences of the naean lengths and the mean of three lint sortings of 
each seed are likewise recorded. 


Table 1 . — ComrcLTison in detail of average length of cotton lint from 10 separate 
seeds fractioned by 2 operators on 2 photoelectric sorters 


[Each operator made 3 sortings of lint on each seed. A sample consists of 1 seed] 


Instrument A, operator A 


Sam* 

pie 

No. 


Mean lint 
lengths of 
individual 
sortings 


Extreme difference 
of mean lengths 


Mean of 
3 lint 
sortings of 
each seed 


Mean lint 
lengths of 
individual 
sortings 


1 

2 ..... 
3..._. 
4 

7-„_. 


He inch 
12 . 96 

12. 95 

12. 96 
13. 76 

13. 79 

13.80 
16. 09 
16. 24 
16. 20 
15.42 
15. 54 

15. 39 
11.88 
11.94 
11.91 
12. 21 
12. 21 
12. 21 

19.12 
19. 22 

19. 40 

18. 12 

17. 80 

18.17 
19.22 
19. 07 

19.17 

18.44 

18.45 
18. 45 


He inch 

0. 01 (0. 000625 inch) 
. 04 ( . 0025 inch) 

. 15 ( . 009375 inch) 
. 15 ( . 009375 inch) 
. 06 ( . 00375 inch) 
.00 

. 28 ( . 0175 inch) 
.68 ( .0425 inch) 
.15 ( .009375 inch) 
. 01 ( . 000625 inch) 


He inch 
12.96 

13.78 

16. 18 

15.45 
11. 91 
12. 21 
19.25 

3 18.03 
*19. 15 

18.45 


He inch 

13. 95 

14. 21 
14. 16 
15.06 

14. 57 
14.99 
16. 67 
16.28 

16. 43 
15.19 
15. 18 

15.22 
11. 72 
11. 74 
11.87 
11. 98 

12.30 

12.31 
19. 53 

19.58 
19.62 

18. 96 
19.04 
19.21 

19.43 
19.82 
19.62 
18. 72 
18.93 
19.04 


Instrument B, operator B 


Extreme difference 
of mean lengths 

Mean of 

3 lint 
sortings of 
each seed 

Ho inch 

M o i7ich 

0. 26 (0. 01625 inch) 

1 14. 11 

.49 ( .030625 inch) 

2 14. 87 

. 39 ( . 024375 inch) 

16.46 

. 04 ( . 0025 inch) 

15. 20 

. 15 C . 009375 inch) 

11, 78 

.33 ( .020625 inch) 

12.20 

.09 ( . 005625 inch) 

19. 58 

. 25 C . 015625 inch) 

19.07 

.39 ( . 024375 inch) 

19. ,62' 

. 32 ( . 02 inch) 

18.90 


1 Operator B inexperienced with this instrument. Sample resorted by A, who found an average length 

of 13.42 sixteenths of an inch. „ ' ; , 

2 Operator B inexperienced with this instrument. Sample resorted by A, who found an average length 

of 13.90 sixteenths of an inch. . > - A 

3 Careless sorting by A. Eesorted by A, who found an average length of 18.23 sixteenths of an inch. 

In table 1, attention is directed to the wide differences between the 
results on the two sorters in the case of samples 1 , 2, and 8. The 
fact that the other differences are so shght would indicate as regards 
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these particular samples that one or both of the operators were in 
error. For samples 1 and 2, operator A was inexpcrieneed in the use 
of instrument B, and a more nearly correct sorting by operator B 
was made. Apparently, with sample _8, both operators were in error, 
especially B. But the error is so obvious that a redetermination was 
indicated. This was done, with the results shown. It seems that an 
acceptable degree of agreement between two operators using two in- 
struments not especially calibrated in terms of a standard can be 
expected. Further, it seems that a single operator can be expected to 
produce consistent results, his extreme difference in the determina- 
tion of mean length of lint on a seed seldom being much over 0.02 inch. 

Table 2. — Comparison in detail of modal lengths of cotton lint from 10 separate 
seeds fr actioned hy 2 operators on 2 photoelectric soiiers 

[Each operator made 3 sortings of lint on each seed. A .sample consists of 1 seed] 


Sample 

■No. 


Instrument A, Instrument B, 
operator A operator B 


Ex- 


Ex- 


Modes 
of 3 
trials 


treme 
differ- 
ence of 
modes 


Modes 
of 3 
trials 


treme 
differ- 
ence of 
modes 


Ex- 
treme 
differ- 
ence 
of all 
modes 
by both 
sorters 


Sample 

No. 


Instrument A, Instrument B, 
operator A operator B 


Modes 
of 3 
trials 


Ex- 
treme 
differ- 
ence of 
modes 


Modes 
of 3 
trials 


Ex- 
treme 
differ- 
ence of 
mode.s 


Ex- 
treme 
differ- 
ence 
of all 
modes 
by both 
sorters 



6 inch 
0 


ife inch 
.12 
13 
13 


1/16 inch] 


f 


1 


i/ih inch 
I 


0 

1 

1 

0 


1 

i 

0 


Equally consistent results from the same experiment are shown in 
the determination of the modal lengths of the lint from the 10 seeds 
(table 2). These determinations were made at Xe-inch intervals. In 
routine work X-inch intervals are generally used. Such being the case, 
the modal lengths in this experiment probably would, have agreed 
even more closely had the X-inch length grouping been used with its 
consequent sacrifice of the accuracy of the finer readings. 

Ninety other seeds were sorted in a manner similar to the one 
described for the 10 seeds referred to above, except that each oper- 
ator made only one sorting to a seed instead of three. The results are 
collected in table 3, where the differences between the two operators 
and two instruments, as shown by comparisons in mean length and 
modal length of lint found on a given seed, are combined in group 
values of tenths of Xe inch, and the number of averages showing the 
corresponding range of differences are placed in the designated col- 
umns. In comparing the differences in modal lengths a class value of 
Xe inch (the interval at which measurements were made) is used. 
Again, it will be seen that the agreement continues to be close, most 
of the averages showing a difference of less than X 2 inch, and the 
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modal lengths usually being equal or separated by not more than one 
length class. 

Mention has been made of the importance of the intensity of light. 
Eeference to table 1 will show that 7 times out of 10 a higher reading 
was secured on instrument B than on A. This might have been due 
to an error on the part of the o^ierator rather than to an error in the 
method. The photoelectric cell in B has about one-half the amperage 
output of the cell in instrument A. Therefore, the hght intensity on 
the cell in B, other things being equal, will have to be considerably 
greater than that on the cell in A, if the amperage output is to be equal. 

Table 3. — Grouped comparisons of average ar^d modal lengths of lint on 90 cotton 
seeds sorted on $ photoelectric fiber sorters by 2 operators 


[Class differences for mean lengths are in terms of tenths of asixteenth of an inch; class differences for modal 
lengths are in terms of one-sixteenth of an inch] 


Difference in mean lengths 
(He inch) 

Frequency 

Difference in modal lengths 
(He inch) 

Frequency 

0.00 to 0.10 

16 

0.00 

50 

0.11 to 0.20 

18 

1.00 _ - 

37 

0.21 to 0.30 

12 

2.00 - 

3 

0.31 to 0.40 

17 



0.41 to 0.50 

8 



0.51 to 0.60 

9 



0.61 to 0.70 

3 



0.71 to 0.80 - 

2 



0.81 to 0.90 

2 



0.91 and above 

3 



Total : 

90 

Total 

90 






In a test in which the current outputs from both instruments were 
adjusted to be approximately equal, the following averages on the 
same sample were made by one operator: 

Instrument A. — 7.16; 7.12; 7.12; 7.02; 7.07. Extreme difference, 0.14- 
eighths of an inch. 

Instrument B. — 7.49; 7.46; 7.50. Extreme difference, 0.04-eighths of 

an inch. 

For instrument B, the modal length was eight-eighths of an inch and 
that for A, seven-eighths of an inch. 

As seen from the data, there are consistently higher readings from 
the sorter with the weaker cell. This may be due to the relationship 
between the quality of light of high intensity to absorption by lint 
as it affects a photoelectric cell. However, the writer is of the opinion 
that most of the discrepancy in this case is due to the comparatively 
small area of the light image on the fibers. In order to obtain a high 
amperage output from instrument B, it was necessary to have an 
intense beam of light in which the outer fringes of the light image are 
definitely less intense than toward the center. The shorter fibers 
often found toward the ends of the seed are not as well scanned in the 
much weaker light of this outer fringe. If these short fibers were 
incorporated more accurately in the sortings done on instrument B, 
very likely the readings would be more nearly comparable to those on 
A. Instrument A can show a high reading on the microammeter and 
still have a band of light of even intensity extending far beyond the 
mass of fibers being scanned. The later practice in this laboratory has 
been to sacrifice, in the case of instrument B, the accuracy of reading 
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expected with a high current output for the greater a(‘curaey of a more 
diffuse light more equally scanning all fil)ers. In si)ite of this, exact 
comparability has not yet been achieved, it ai)pears that apparatus 
of this sort should be equipped with the more sensitive type of cells 
and all instruments formally calibrated against sonu^ standard 
instrument. 

When data from the same 90 seeds referred to in table 3 were used, 
the total of the mean lengths as given by insti'iiment A was 1.91 
percent shorter than the total of the mean lengtiis given by instrument 
B on the same samples. This is of the same general magnitude as the 
differences shown in table 1, and a similar figure might })e. used as a 
correction factor in order to get these sorters calibrated in terms of 
one of them. 

Ten samples of seed cotton, some samples consisting of one seed 
only, and the others of two seeds, were sorted by the photoelectric 
method. The fibers from each seed were then carefully ginned by 
hand, and in the case of the samples with tAVO seeds, the fibers from 
both seeds were combined into a composite sample.^ An aliquot of 
each sample of ginned lint was withdrawn and the individual fibers 
measured to the nearest one-sixteenth of an inch. The results are 
given in table 4. In all cases the measurements of fibers less than five- 
sixteenths of an inch long were disregarded, because, except in the 
shortest staple cottons, the photoelectric method does not accurately 
measure the short fibers. This point will be discussed below. 

In this experiment the agreement between the photoelectric method 
and measurements of single fibers is fairly close in the case of the short 
and medium staples, considering the limitations of such an experiment 
in the factors of the size of aliquot used and the difficulty of obtaining a 
representative aliquot. The sources of error in the photoelectric 
method seem to be largely inaccurate measurement of the few shortest 
and longest fibers. 

Table 4. — Comparison of mean and modal lengths as found by photoelectric sorting 
with measurements of individual fibers 


Sample No. 


1 .. 

2.. 

3.. 

4.. 

5.. 
6 - 

7.. 

8.. 
9_. 
10 . 


Seed No. 


Single 

fibers 

measured 


Number 

937 

1,141 

1,223 

654 

438 

789 

690 

620 

1,252 

475 


Mean length by- 


Photoelectrie 

sorting 


Me inch 
15.09 

15.55 
16.53 
19. 22 
18. 17 

18. 56 
19.93 
14.44 
11. 00 
13. 40 
10. 58 

9.51 

15.88 


Single-fiber 

raeasure- 

incnts 


M b inch 
15. 24 

15. 84 

20. 72 

18. 22 
18.20 
14.04 
11.34 
13. 42 

10.79 

14.81 


Modal length by- 


Photo- 

electric 

sorting 


Vi 6 inch 
16 
16 
17 
20 
19 
19 

• ''21 

15 
11 
13 
11 
10 

16 


Single- 

fiber 

measure- 

ments 


M <} inch 


15 

17 


20 

22 

15 

11 

14 

11 

15 


In table 5 are data on the number of seeds required for accuracy in 
photoelectric sorting. As will be noted, no attempt was made to 
remove the effect of locations by variance. Thus this test was very 
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rigorous and the number of seed required, as shown, is probably more 
than sufficient for most purposes for the accuracy indicated. Each 
of the 5 varieties was grown at 12 locations, scattered to give a wide 
range of the soil and climatic types found in the cotton-growing dis- 
tricts of Arkansas. The 6 locations (superior locations), where the 
lint was longest as shown by stapling, furnished 92 seeds sorted for 
each variety. The other 6 locations (inferior locations) were in the 
dry and hUl sections of the State and furnished 96 seeds sorted for 
each variety. Nevertheless, the variability^ from location to location 
is marked even within the groups of “inferior locations” or “superior 
locations.” To add to the rigor of the test, both instruments and two 
operators sorted these samples, and the cotton from one of the loca- 
tions was sorted by three different operators. 

Table 5. — Size of sample required for specified accuracies in determination of mean 
length of fibers by means of photoelectric sorting 

[See text for source of populations] 

INFERIOR LOCATIONS 



Seeds 


Number of seeds (n) for an 
accuracy of— 

Variety 

tested 

<r 


2cr ... , 





i/n—l 


Number 

H inch 

Number 

Number 

Coker-Wilds 7 

96 

0.583 

23 

7 

Missdel 3-9818 

96 

.688 

32 

9 

D. & P. L. IIA 

96 

,506 

18 

6 

Rowden 2088 

96 

.550 

21 

6 

Half and Half 

96 

.462 

15 

5 

SUPERIOR LOCATIONS 

Coker-Wilds 7 

92 

0. 637 

■ . ■ ^25 

8 

Missdel 3-9818 

92 

.696 

32 

9 

D. &P. L. IIA 

92 

.682 

31 

9 

Rowden 2088 

92 

.545 

20 

6 

Half and Half 

92 

.543 

20 

6 


In sorting 216 seeds of Kowden 5056, taken from a fertilizer test at 
one location, a standard deviation of 0.52 eighth of an inch was found 
for the entire test. This sorting was done by three comparatively 
inexperienced operators. The sizes of samples required were: 




Where 71= 6 seeds, 
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Variance was applied to data from 16 varieties in tlie 12 locations 
mentioned above, as regards the factors of mean length and modal 
length. The plantings in these tests were so arranged that this 
method of statistical analysis was applicable. Eh'ven of these tests 
were 16 X 8 semi-Latin squares and one was a 24 X 6 senui-Latin 
square. They were all randomized and doubly restricted. A sum- 
mary of the 'standard errors of the individual is given in table 6. 
These standard errors are somewhat lower than those shown in table 5, 
because the variance removes the variation due. to varieties and to 
soil variations in both directions across the. field. The regularity of 
these standard errors and the similarity of the differenees reciuired for 
significance between varieties all tend to show the uniformity of work 
done by the photoelectric method. 

Table Q.—The variance of 16 varieties of cotton at 12 locations in Arkansas, showing 
a comparison between locations as regards the standard error of the indwidnal, and 
the significant differences between varieties in the factors of meayi length and modal 
length of lint 


Location 

Standard error of in- 
dividual 

Difference required for significance between va- 
rieties 

Mean 

Mode 

Mean 

Mode 

i 

19:1 

99:1 

19:1 . 

99:1 


inch 

inch 

li inch 

H inch 

li mch 

Xi inch 

Warren.., 

0. 5319 

0. 5083 

0,52 

0. 69 

0. 50 

0. 66 

England 

. 4022 

.4515 

.39 : 

.52 

.44 

.58 

Marianna 

. 3871 

. 3876 

.38 

. 50 

.38 

.50 

Hope-—-- - 

. 3900 

. 4261 

.44 

.58 

.48 

.63 

Magnolia 

.3845 

.4575 

.38 ! 

,50 

.45 

.59 

Lake Village 

. 4419 

.4538 

.43 i 

, 57 

.44 

,59 

Joiner 

. 3822 

.4061 

.37 

.49 

.40 

.52 

Blytheville 

.3743 

.4140 

.37 

.48 

.41 

.53 

Brookland 

. 3809 

.4281 

.37 i 

.49 

.42 

.55 

Myron 

.3859 

.4425 

.38 1 

.50 

. 43 

i . 57 

Damascus 

. 4787 

.5341 

.47 f 

. 62 

. 52 

i .69 

Newport 

.4011 

.3921 

.39 

.52 

.38 

! .51 


The results from the tests at Warren and Damascus (table 6) require 
further explanation. The standard errors in both cases deviate notice- 
ably from the general magnitude of the standard errors at the other 
locations. The test at Warren was sorted by three relatively inexpe- 
rienced operators. The test cotton at Damascus was grown under 
conditions of such extreme drought that the lint was very immature, 
brash, difficult to manipulate, and perhaps quite irregular. The 
photoelectric method seems to be sensitive enough to detect these 
irregularities induced by inexperienced operators or conditions under 
which the crop is grown. 

From all the evidence it seems that sorting a sample of 10 seeds from 
each row in each location by the photoelectric method would be amply 
sufl&cient to give an accurate result. If this number had been used in 
the work reported in table 5, a total of 480 seeds woxild have been 
sorted for each variety for the inferior locations and 460 for the su- 
jperior locations. The degree of precision provided by a 10-seed 
sample is probably great" for most studies on utility and 

genetics. ^ Hertel and Zervigqn (4) say that at least six seeds are 
required in the sample for their photoelectric sorter. 
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The error arising from the inability of the photoelectric sorter 
adequately to scan the shortest fibers is one of the most difficult to 
explain and to rectify. The seriousness of this error is shown in 
table 7. These results were secured by making a photoelectric sorting 
of one-half of the fibers of each of six seeds. These fibers were then 
sorted on the McNamara-Stutts sorter. All the fibers lying between 
any two combs of the sorter were grouped into a class interval of 
one-eighth inch. The readings for the McNamara-Stutts sorting as 
recorded in the table are conservative. In column P is given the 
length class which showed by photoelectric sorting a higher reading on 
the ammeter than the first reading for the )^-inch length class (i. e., 
it is the first length class showing fewer fibers than the shortest 
length class). 

Table 7. — Numbers of fibers not adequately recorded by the photoelectric fiber sorter 


[Column P records the length class where the first positive reading with the photoelectric sorter was made 



Photoelectric sorter 

McNamara- 
Stutts sorter 

Fibers shorter 

Weight of 
fibers, in 
relation to 
total 

weight of 


oeeu 

P 

Mean 

Mode 

Mean 

Mode 

than length in 
column P 

all fibers, 
shorter 
than 
length in 
column P 


ys inch 

ys inch 

yi inch 

ys inch 

H inch 

Number Percent 

Percent 

1 

6 

9. 69 

10 

8.67 

10 

562 15. 51 

6.74 

2 

6 

9. 67 

10 

8. 74 

10 

668 17. 67 

8. 10 

3 

6 

9.34 

10 

9.20 

9 

539 9.01 

3.59 

4 

8 

10,31 

11 

9.92 

11 

675 15.26 

7. 23 

5 

7 

9.81 

10 

9.11 

10 

528 14.97 

7. 93 

6 

4 

9. 55 

10 

8.89 

9 

162 4. 60 

.65 


The number of fibers of less length than the first positive reading 
in column P were counted. These do not include fuzz up to one- 
fourth inch long. As can be seen, this number is not small, and when 
put on a percentage basis, shows even more strikingly the importance 
' of the neglected fibers. On the weight basis, the loss, although not 

!' so great, remains considerable. The results shown in the table are 

: the extreme, and can be compared with the result shown in figure 3, 

where apparently a practically accurate reading of the shorter lint 
has been achieved. Most readings will not show the extreme differ- 
j, ences shown by these readings on long-staple cotton, as recorded in 
table 7. For example, 10 seeds from a sample of Eowden 5056 
; averaged 357 fibers less than one-half inch long. These 10 included 

seeds that showed by photoelectric sorting either no fibers less than 
one-half inch long or no fibers less than three-eighth inch long. The 
number of fibers hot shown by the sorting would be somewhat reduced 
if only the fibers shorter than the shortest shown by the photoelectric 
sorter had been counted. The purpose here is to show at its very 
worst a source of error in photoelectric cotton sorting as it is now 
performed. It is to be noted (table p that the modes as determined 
by the two methods practically coincide. 

DISCUSSION 

The method of calculation at present employed assumes that the 
profile of the fiber has no marked effect on the light absorption over 
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its entire length; that the graph of the iogarithiiiic absorption of light 
caused by the addition of layers of absorptive nnUerial approaches a 
straight line; that the refraction of light probably (‘onipensates 
partially for the logarithmic absorption effect; and that all libers in a 
given sample absorb light equally. 

The fusiform shape of the fibers has been noted by several workers. 
Obviously there are more fibers at a point close to tlu^ seed coni than 
at a point farther away from the seed coat. However, in photo- 
electric sorting, in many cases, especiahy in sa.mples with long staples, 
the reading at a point nearest the seed coat is greater (ind uniting less 
absorption) than at points immediately after the lirst reading, (See 
also table 7.) Hertel and Zervigon (4) have nottul tin". sa.mc phenom- 
enon. Weights of the ends of fibers are less than the middle portions 
of equal length of the same fibers (f), indicating not only a smaller 
diameter at"^the end of the fiber, but also a less absolute amount of 
absorptive material in the basal end of the fiber. Another reason 
for the initial low absorption is the shape of the clamp holding the 
cotton seed. The two prongs of the clamp pass between tlie fibers 
and separate them, permitting more light to pass through these 
openings between the more densely^ packed fibers. Also the fibers 
are not quite in the same alignment in relation to the slit next to the 
seed as they are farther out from the seed coat. 

The profile of the fiber cannot readily be changed. It may be that 
after more experience a correction factor can be derived to correct 
for the fusiform shape of the fiber. It is likely that a similar correction 
factor would also have to be applied to the distal ends of the lint. 
The clamp might be redesigned. One possibility would be to have 
needle-sharp prongs that would penetrate the seed coat. An objec- 
tion to this is that such prongs would make it even more difFicult than 
it now is to aline the edge of the seed with the scale. 

In theory, the fibers near the seed, being more numerous, should 
absorb more light than the fewer fibers extending farther from the seed 

coat. This is expressed ideally by: Log — ra, where Jq equals 

the original intensity of the light; 1 equals the intensity of the light 
after passing n quantity of material with each increment of the ma- 
terial having an absorptive capacity of x. In this equation the ideal 
is assumed that the absorptive material reflects none of the light, 
which is not the exact fact as regards cotton fibers. 

The effect of reduced light by the^ absorption of light by added 
layers of lint is illustrated in the following experiment : Groups of lint, 
judged to contain about the same number of fibers, were placed on 
top of one another over the slit of the photoelectric sorting apparatus. 
After the addition of each group of fibers a reading was recorded. 
Then the differences between each successive reading were found to 
determine the absorption by that group of fibers. The differences 
between successive readings in microamperes were as follows: 12, 24, 
15, 42, 21, 17, 19, 7, 19, 14, 4, 8, 3, 8, 5, 7, and 5. The first absorptions 
are of the same general magnitude, with later a definite trend toward 
smaller absorptions. There are variations in the above readings 
because of variations in the number of fibers added from group to 
group. In general, about 150 fibers were added each time, making 
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in all about 2,550, or the approximate number of fibers on one-half 
of a combed seed. 

A variation of this experiment in which the light intensity is in- 
creased after a number of groups of fibers have been added will increase 
the absorption of other added groups, but the absorptions will later 
become lower. 

Other possible causes of error are here mentioned. Because the 
slit through which the light passes is one-sixteenth inch wide, a correc- 
tion might be subtracted from a reading to account for the various 
fiber lengths that would fall in the Ke-inch interval. A possible 
further correction would be to correct for the size of the length interval 
of lint drawn past the slit each time. That is, the midpoint of the 
length class might be the measuring point instead of the bottom point 
as was used in all work reported in this paper. Thus far, no such 
corrections have been attempted. But the disagreement between 
the averages by photoelectric sorting and by measurement of individ- 
ual fibers (or counting measured fibers) suggests that a correction for 
photoelectric readings be considered. The effect of changing the arcs 
bounding the slit from a concentric to an eccentric relationship, as 
well as other changes in the construction of the apparatus, were noted 
in describing the photoelectric sorter. 

This problem of the accurate measurement of the shorter fibers is of 
importance in other methods of sorting. The tendency has been to 
consolidate into one class all fibers of less than a given length, say one- 
half or three-fourths inch (^, 10). Pope (7) has discussed the advisa- 
bility of omitting the short fibers from a consideration of the mean 
length and deviations from the mean. He points out that since most 
short fibers do not enter into the final spining product, the spinner is 
concerned mostly with the long fibers as they affect the quality of his 
product. But the cotton breeder is interested in producing as many 
long fibers in relation to the number of short fibers as possible. In 
order to determine this relationship properly, it would seem that a 
quick and accurate measurement of the short fibers is to be desired by 
the breeder, and that efforts to achieve such measurements should be 
encouraged. Then, if for certain purposes it is not necessapr to have 
the short fibers sorted in detail, it is still possible to consolidate such 
readings as may be desired into one length class. 

SUMMARY 

A description of a basic design for a cotton-fiber sorter employing 
a photoelectric cell is given. Sorting fibers on seed cotton as to length 
by this method is comparatively rapid, but sources of error and pos- 
sible means of improving the technique and the construction of the 
apparatus are pointed out. ^ 

The method of calculating the data is simple, readily providing 
statistics on average length, modal length, percentage of fibers in any 
length of group or groups, and data from which measures of dispersion 
may be obtained. 

This apparatus has been applied to many sortings for use m making 
selections in breeding and genetics studies and in various cotton 
variety and fertilizer tests. 

A close agreement was found betw:een operators and instruments on 
the same samples, although the instruments have not been calibrated to 
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a standard. Ten cotton seeds should ordinarilv provide an adequate 
sample for photoelectric sorting. There is a fairly (•los(' agreement 
between photoelectric sorting and nieasureiuents of single fibers, as 
regards average length and modal lengtli. 

The principal error in the photoelectric method of sorting fibers 
appears to be an inadequate consideration of the shortest fibers. The 
few very longest fibers also are not accurately measured. The effect 
of the structure of the fiber and the logarithmic absorption of light in 
relation to these errors are discussed. 
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VARIABILITY IN GERMINATION OF FRESHLY 
HARVESTED AVENA » 

By F. A. Coffman, agronomist, and T. R. Stanton, senior agronomist, Division of 

Cereal Crops and Diseases, Bureau of Plant Industry, United States Department 

of Agriculture 

INTRODUCTION 

Freshly harvested seeds often do not germinate satisfactorily. From 
some points of view this slowness to germinate is undesirable, but the 
possibility that it may have certain advantages should not be over- 
looked. Growers have long been cognizant of the heavy losses result- 
ing from the sprouting of grain in the bundle or shock. Obviously, 
from the practical viewpoint, delayed germination might prove ex- 
tremely desirable in a wet harvest season. Any variety in which 
germination is retarded even for a few days, when moisture and 
temperature conditions are favorable, might escape considerable 
damage in the field. Comparatively little attention has been given 
as yet to the few reports of the wide variation in the germinability 
of freshly harvested seed of different varieties of the small grains. It 
seemed important, therefore, to determine the extent of such variation 
among varieties of oats. 

REVIEW OF LITERATURE 

Sifton (ISj p. 23) ^ stated that ^ fin the majority of cases there is a 
slight rise in the germination of oats during the first 4 or 5 years of 
storage.” 

Harrington (7) cites Kinzel {10, p. 133) as saying that oats reached 
their full germination capacity in 2 months after harvest, but their 
full germination energy only after 8 or 10 months. 

Whitcomb {15, 16) stated: “The curing in the field had a slight 
beneficial effect on the initial germination b^ut it was not well defined” 
{16, p. 87), and “Aging grain in the laboratory for from 4 to 12 weeks 
decreased the dormancy to a minimum” {16, p. 32), 

Garber and Quisenberry {6) found that in crosses between Avena 
saliva L. and A. jatua L. delayed germination is an inherited recessive 
character and that it is somewhat loosely linked with the jatua type 
of seed articulation. They apparently recognized a variation in 
degree of dormancy among different strains of A, fatua in their cul- 
tures. 

Eastham (S, 51) stated: 

In wet, cold harvest years many samples of Black Winter oats do not germinate 
readily under normal laboratory conditions. Although such Oats will grow per- 
fectly well under field conditions, yet they may only show a germination of from 
20 to 30 per cent, after several weeks in test. 

Eastham pointed out that merely lowering the temperature of the 
germination chamber is helpful, or if this proves unsuccessful, the 
placing of the samples on ice for 4 or 5 days will readily overcome the 
difficulty. 

1 Eeceived for publication December 22, 1937; issued July 1,1938. 

2 Italic numbers in parentheses refer to Literature Cited, p. 71. 
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Foy (5), of New Zealand, reported tliat samples ()f oats are fre- 
quently found that do not give complete germinal ion within the 
standard testing period of 12 days, lie pointed^ nut that almost 
invariably such samples are iiewly harvested. Foy’s sa[n])les un- 
doubtedly represent Red Algerian oats, a type tha,t is grown almost 
exclusively in New Zealand. 

Deming and Robertson (£) studied dormancy in tliree oat varieties. 
They observed (£, p. 10): 

There is considerable dormancy in Kanota oats (.Ircjui, hj/zmUinn) Init little, 
if any, in the types of Avena satim tested. The test agrees wit h fiehi observations 
regarding sprouting in the shock. Both Colorado 37 ami Xt'braska 21 sprout 
readily in the shock under unfavorable weatlier conditions. 

Johnson {9, f. 288) reported that in Avena Jatiia — 

(1) Great variations were found in the after-ripening periods of a number of 
A. fatua selections. (2) Evidence was obtained which strongly indicated that 
delayed germination is determined by a condition of the s(‘ed coat winch develops 
after fertilization. (3) Results from tests of entire jjanicles indicated a correlation 
between germinability and the position of the seed in the panicle. (4) The after- 
ripening period of secondary grains was shown to be mucii longtu* tliari that of 
primary grains. 

Hyde (<S, p. S6S) observed that in comparison with the fully ripened 
oats those incompletely after-ripened differed in three ways: 

Firstly, the optimum temperature for rapid germination was lower, being in 
the vicinity of 14° C. Secondly, the speed of germination at low temperatures 
was higher than that of fully after-ripened oats under the same conditions. 
Thirdly, at temperatures of 18° or 20° C. and higher, the gerrniiiation of a pro- 
portion of the grain was greatly delayed. 

Larson, Harvey, and Larson (11) studied the length of the dormant 
period in cereal seeds collected from the small-grain varietal plots at 
University Farm, St. Paul, Minn. They found that oats cut in the 
ripe stage generally had a short rest period. The Gopher variety 
completed its afterripening and germinated fully within 26 days. 
They tested early, midseason, and late varieties of common oats 
{Avena satim) only. A rest period of any considerable length was 
found only in the late varieties. 

MATERIALS AND METHODS 

Twenty-five distinct varietal oat types were used in this experiment. 
These included both wild and cultivated varieties classed morphologi- 
cally as belonging to six species and subspecies. Both winter and 
spring varieties of cultivated oats were included. The samples used 
were typical of the variety in each case, but only one sample of each 
was grown. It is recognized that there is some possibility that addi- 
tional samples of these varieties grown under other conditions might 
have germinated diffpently than in the experiments reported here. 

Most of the varieties tested were strictly spring types, the excep- 
tions being Fulghum (H. C.^ 726, C. 1.^ 3227), a strain o.f C. L 708, 
Nortex, Fulghum (winter type, C. I. 2600), Aurora, Lee, Hairy Cul- 
berson, and Winter Turf. Of these Fulghum (C. I. 3227), Nortex, 
and Aurora may be grown from either fall or spring seeding, but the 
other four are grown only from fall seeding. Stanton (l|) has re- 

H.C., an abbreviation of Hays Cereal, indicates the accession nnmber of selections made at the Fort 
Hays Experiment Station, Hays, Kans. 

^ C. I. refers to accession number of the Division of Cereal Crops and Diseases (formerly Office of Cereal 
investigations), U. S. Department of Agriculture. 
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cently reported on the origin and history of many of these varieties, 
including Brunker, Fulghum (C. I. 3227), Nortex, Fulghiim (winter 
type, C. I. 2500), Coastblack, Richland, Black Mesdag, Victory, 
Miami, Cornellian, Markton, Aurora, Victoria, Lee, Hairy (i^ulberson, 
and Liberty Hulhless. Murphy and Stanton (12) and Stanton and 
Murphy (14^) reported on the introduction of Berger and Victoria 
from South America. The strains of Early Champion, Victor, Winter 
Turf, White Tartar, and Storm King used were typical of the varietal 
types classified by Etheridge (4). Early Joanette is the only cultivated 
variety that has not been described in the literature. It is an early 
black oat of little economic importance, obtained from Illinois by the 
junior writer in following up an oat varietal survey made in 1919. 
Its origin is unknown, but on the basis of information available as to 
its characteristics it may have originated as a selection from Burt or 
some other variety of Avena hyzantina C. Koch. ^ 

Ludoviciana (C. I. 1781) is a variety of the wild red oat that was 
obtained from the Mediterranean region about 25 years ago. It is 
typical of the type known as Avena sterilis var. ludoviciana (Durieti) 
Husnot, which does not have hairy awns such as A. sterilis var. 
macrocarpa (Moench) Briquet. 

The common wild oat used in these investigations was received for 
varietal identification from a circus company of Allentown, Pa. The 
sample was taken from a carload of oats that had been screened from, 
hard spring wheat and graded as feed oats. It is a typical gray- 
seeded variety of Avena fatua, snid for convenience it has been referred 
to as the '^Allentown” oat (C. I. 3322). 

The oats tested were grown in the greenhouse at the Arlington 
Experiment Farm, Arlington, Va. Plants were harvested as soon as 
the upper leaves of the primary culms had begun to turn yellow, which 
occurred during the period from April 3 to May 1, 1933, in the difter- 
ent varieties. The seed was threshed at once, and a sample of straw 
of each variety was saved for moisture determination. The seed of 
each variety was divided into 50-kernel samples, placed in open paper 
containers, and kept in a screen-covered case in the laboratory. 
Toward the end of the test a few samples of less than 50 kernels were 
used, because of shortage of seed. 

One sample of each variety was placed in the germinator Immedi- 
ately after harvest and the remaining samples at successive intervals 
of 3 to 4 days thereafter. The seed was germinated between blotters 
at a temperature of about 60° F. With a few exceptions germination 
counts were made at 3-day intervals. One sample of each variety 
was retained for moisture determination. It was weighed each time 
a new sample was placed in the germinator, and at the end of the test 
it was oven-dried and weighed. 

In these tests any seed showing a protruding coleop tile was con- 
sidered as having germinated. Ungerminated seed usually remained 
in the germinator until it rotted, or until the end of the test. The 
germinator was disinfected with a weak solution of formaldehyde to 
re^tard mold. 

EXPERIMENTAL DATA 

GERMINATION OF SPECIES AND VARIETIES 

Germination tests were made on approximately 300 samples of seed 
of various ages of 25 varieties during the period from April 3 to June 
22, 1933. The varieties are divided into the following four groups 
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according to the promptness of germination of the firshlv'], j 
seed: (1) .Prompt (2) slow (3) very slow, an.l (4) delav;?i:t ^ 
m table 1. Freshly harvested seed or seed not over 4 djivs ol4 
“prompt” varieties usually had started to gei-niinate l)v the'lifM, 
alter harvest and witlun 5 to 7 days at least 80 percent had 
One variety classed as “prompt” (Liberty llulI-le.ss)yHtarted to <.ermi' 
nate the second day after harvest but did not’cenninatf^ inn I 
unffl the tweHth day. ThrcoKley.old «e,l >1“ 

mmated 100 percent in / days although the germination of the. fresWv 
harvested seed was considerably delayed. 

Table 1,—Num'ber of days for tniiial germination of lio species and mrieh'p^ nc 
Avena stored for various periods after harvest 


Type of germination , 
species, and variety 


Prompt: 

A, sativa: 

Black Mesdag 

Cornellian 

Early Champion. 
Hairy Culberson 

(winter oat) 

MiamiL_> 

Victory 

Winter Turf 
(winter oat).._ 

A. Tiuda: 

Liberty Hull-less. 

A. byzantim: 

Fulghum (winter 
oat) I 2500 

Slow; 

A. satim: 

Aurora 

Richland. 

A. sativa var. orientalis 
(Schreb.) Alefeld: 

Storm King | igo2 

A. fatua: 

“Allentown" | 3322 

Very slow: 

A. sativa: 

Markton 2053 

Lee (winter oat)_. 2042 

, Victor 803 

..4 . sativa var. orientalis: 

White Tartar 1614 

A. byzantina: 

grander , 2054 

Fulghum (H. C. 

A.stSz-- 

A.sterilisvax.ludo- 

, viciana.^^ 1781 

Delayed: 

A, sativa: 

Early J oanette . _ .. 1092 
Victoria 2401 

A. byzantina: 

Berger—,... 
Coastblack.. 

Nortex.... 


Time required for geriniiiation>fier storage for- 
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2382 


), Vi 
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davs 
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3 
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3 
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3 
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3 
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5 
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3 

4 
2 

3 

2 

3 

3 

3 

3 

2 

3 

3 

2 

3 

3 

3 

3 

3 

5 

3 

4 

3 

2 

3 

3 

3 

3 

5 

2 

6 

6 

3 

3 

4 

5 

4 

5 



2 

3 

4 

3 

3 

3 

4 

2 

3 

3 

2 

3 

5 

2 

3 

6 

3 

5 

4 

5 

4 

4 

3 

3' . 

6 

6 

6 

5 

6 

6 

7 

4 

4 

6 

5 

0 

3 

3 

6 

4 

3 

2 

3 

3 

4 

2 

S 

2 . 

9 

6 

6 

7 

4 

5 

6 

6 

3 

3 

4 


4 

' 5 

6 

7 

6 

6 

7 

4 

5 

6 

5 

4 . 

8 

15 

12 

27 

12 

9 

56 

8 

6 

*7 

6 

0 

3 

6 

4 

3 

2 

3 

3 

4 

3 

5 

2 

5 

3 

/ 

4 

5 

3 

3 

6 

3 

2 

3 .. 

27 

13 

6 

7 

4 

2 

3 

3 

3 


, 2 

3 .. 

18 

6 

5 

0 

4 

6 

6 

7 

4 

5 

4 

2 

15 

11 

12 

10 

6 

6 

7' 

9 

8 

6 

5 

'4 .. 

14 

12 

7 

6 

6 

7 

4 

8 

6 

3 

4 

5 

64 

68 

56 

66 

14 

27 

12 

6 

66 

21 

62 

6 

52 

8 

59 

6 

49 

6 

14 

6 

4 

2 

9 

■3 , ... 

29 

50 

( 2 ) 

43 

12 

( 2 ) 

53 

8 

62 

8 

9 

10 

6 

6 

56 

6 

6 

6 

3 

3 

5 

6 

5 

6 

5 

7 

3 

4. . 

5 

6 

.5^ 

5 

7 

10 ... 

: ?: .... 
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^ Did not germinate throughout duration or test, ended June 22. 
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Table 2. — P.ercentage germination of samples of 9 promptly germinating varieties 
of Avena stored for various periods after harvest 


Variety 

Period of stor- 
age 

Germination after being in germinator for— 

C3 

'CS , 

w 

CS3 

CS 

Xi 

o 

ta 

CS 

X 

oS 

•u 

CO 

CQ 

-a 

o 

CS 

CS« 

w 

>» 

as 

Xi 

lO 

(M 

as 

X 

00 

(M 

to 

as 

X 

CO 

as 

X 

C3 

•rs 

iC 

!« 

as 

X 

«3 

>> 

03 

X 

Black Mesdag (^4. ^ 

Days 

0 

4 

6 

8 

12 

15 

18 

21 

25 
28 

38 

48 

0 

3 

6 

9 

13 

15 

18 

21 

24 

27 

39 

49 

0 

3 

6 

10 

12 

15 

18 

21 

24 

27 

38 
49 

0 

3 

6 

9 

13 
15 
18 
21 
24 
27 

39 
49 

0 

3 

6 

10 
12 
15 
18 
21 
24 
27 
38 
49 
{ 0 

3 

5 

8 

11 

14 
17 
19 
22 

26 
36 
46 

PcU 

56 

0 

2 

24 

2 

2 

8 

96 

84 

’ 10 
40 
100 

0 

10 

0 

70 

14 

18 

66 

56 

100 

65 
50 
90 
44 
38 
88 
42 
30 
90 
40 
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90 

76 

40 

8 

68 

94 

40 

38 

46 

16 

90 
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70 
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0 

0 

56 
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48 

76 
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68 
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0 

28 
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90 

75 
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Table 2 . — Percentage germination of sampl(\s of .9 promptly germinating varieties 
of Avena stored for various perio<ls after harn st ( ’<»nt iuuiMl 


Variety 


Winter Turf C4. 
sativa, winter) 


Eiilghum, C. I. 2500 
(A. byzantina, win- 
ter) 


Liberty Hull-less (.-'I. 
nuda, naidseason) - . 


Days] 

0 

3 

5 

8 

11 

14 

17 

19 

22 

26 

0 


Germination after being in germ i not or for 


Pc/. 

0 

2 

0 

0 

2 

60 

0 

10 

0 

0 

2 

2 

0 

4 

0 

25 

0 

10 

0 

4 

22 

4 

88 

88 

54 
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100 

100 

100 

100 

100 

100 

100 


7 days 

10 clays 

13 days 


d* 

05 

n 

cl 

IC 

1 1 1 ! 1 

' 

03 

to 

w 

a 

TJ 

PcL 

4 

38 

62 

88 

34 

90 

100 

75 

Pc/. 

62 

82 

96 

92 

78 

Pc/. 

90 

96 

94 

82 

Pet, 
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Freshly harvested seed of the Avena satwa varieties, Black Mesdag, 
Cornellian, Miami, Victory, Hairy Culberson, Winter Turf, and Early 
Champion, germinated promptly, as did also one variety of A» by- 
zantina, Fulghum (winter type), and the one variety of A. nuda L., 
Liberty Hull-less. 

The germination of varieties classed as “slow^’ is shown in table 3. 
These usually had started to germinate by the sixth day after harvest, 
and seed 2 to 4 days old started germinating promptly. Varieties 
classed as slow included Richland, Early Champion, and Aurora, be- 
longing to Avena sativa^ the A. sativa var. orientalis variety Storm 
King, and the only A. jatua strain tested. No variety classified mor- 
phologically as belonging to A. by zantina was included in this 
germination group. 

Seed of varieties classed as ^ Very slow” (table 4) started to germinate 
in from 8 to 27 days; seed 7 days old germinated promptly. These 
varieties included Markton, Lee, and Victor, classed morphologically 
as belonging to Avena sativa; White Tartar, belonging to A. sativa 
orientalis; Brunker and Fulghum (C. I. 3227), belonging to A. 
hyzantina. 
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The varieties classed as “delayed” (table 5) did not germinate 
effectively until about 2 rnonths after harvest, regardless of whether 
the seed was in the germinator or in dry storage, although partial 
germination occurred earlier in some samples. The varieties in this 
group are Early Joanette and Victoria, classified morphologically as 
belonging to Arena sativa, and Berger, Nortex, and Coastblack, 
belonging to A. byzantina, and the strain of A. sterilis var. ludoviciana. 

These results offer an explanation of why poor field stands sometimes 
are obtained from seed of strains of Bed Eustproof oats, such as 
Appier and Nortex, when sown in the South in August for early fall 
pasturage. 

Table Z.— Percentage germination of samples of 4 slow-germinating varieties of 
Avena stored for various periods after harvest 



Storm King (A. sativa var. 
orientalis, late) 


A . fatua ( “Allentown, ’ ' early) .. 


Germination after being in germinator for— 
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Table 


L— Percentage germination of samples of 0 veri/ slou^-germiimMng varietm 

of Avena stored for various periods after harvest 


Variety 


MarktoQ(^.sa^i??a, midseason). 


Victor (X. sativa, late). 


Lee (X. sativa, winter oat) . 


White Tartar (A. sativa var. 
orientalis, late) 


Brunker (X. byzantina, early). 


Fulghum, 0. 1. 3227 (X. byzan- 
early) 


aerminaticm after being in giTininafor for- 


Period of 
age 

4 days 

7 days 

10 days 

Days 

Pet. 

Pet. 

Pet. 

0 

0 



4 

2 

0 



4 

0 



8 

0 



11 

0 

60 


, 14 

6 

56 

62 

17 

8 

22 

24 

21 

8 

68 

92 

23 

20 

SO 

100 

26 

4 

94 

96 

38 

100 



49 

90 

95 



0 

0 



3 

0 


16 

6 

0 

64 

72 

9 

0 

66 

74 

12 

6 

54 

66 

, 16 

0 

66 

94 

18 

2 

92 

98 

21 

6 

90 
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24 

0 

98 
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27 

90 
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0 
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Table 5. — Percentage germination of samples of 6 varieties of Arena shoiumg 
delayed germination, stored for various periods after harvest 


Germination after being in germinator for™ 


Early Joanette (-<4. sativa, 
early) - 


Victoria (^4. sativa, late)--- 


Berger {A. byzantina, mid- 
season) 


Nortex (A. byzantina, mid- 
season)— 


Coastblack {A. byzantina, 
date)-- — -.-. — 


A. sterUis var. Ludovidana 
(midseason) 
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The data in general show that the varieties classed niorphologically 
as belonging to Avena sativa varied widely, exhibiting ail degrees of 
slowness or rapidity in germination. One variety classed as belonging 
to A, byzantina was prompt in germination, but the other varieties of this 
species showed more or less dormancy. Varieties of A. s(ilwa orientalis 
were also inclined to be slow to germinate. Among the wild species, 
A. sterilis, the supposed progenitor of A, byzantina, was very slow in 
germinating, and A, jatua, the supposed progenitor of A. sativa, was 
classed as ^^slow.” 

There is a possibility that some of the varieties classed inorphologi- 
cally as belonging to Avena sativa that exhibited more or less dormancy 
in these tests may have originated from hybrids with A. byzantina, 
Markton, Victoria, and Early Joanette have characteristics other than 
slow germination that indicate that they may have been derived in 
part from this species. 

Other varieties classed as belonging to Avena sativa that give some 
indications of dormancy are Victor, Richland, Aurora, and Lee. 
Aurora was originated as a selection from Red Rustproof, and Lee as 
a hybrid between Aurora and Winter Turf, hence their A, byzantina 
derivation is established. This suggests that dormancy may be 
helpful as an indicator of the probable origin and relationship of oat 
varieties. 

RELATION OF KERNEL CHARACTERS TO GERMINATION 

Several investigators have indicated that certain morphological 
characters of the oat kernel are associated with dormancy. Table 6 
contains a tabular description of the principal distinguishing morpho- 
logical characters of the oat kernel of the varieties and strains included 
in these experiments. 

Oats having the 5 recognizable kernel colors were tested in the 
following numbers: Black, 4; gray, 4; red, 6; yellow, 4; and white, 6. 
Variation in promptness to germinate occurred in all color classes of 
cultivated oats/ but except for Victoria, an oat of reddish-gray color, 
only black and red oat varieties were classed as having ^^delayed^^ 
germination. Of 10 black or red varieties of cultivated oats, 8 were 
very slow or delayed and 2 were prompt in germination. Avena Jatna 
(gray) and A. (red) were slow in germination. Varieties 

having the darker-colored kernels appear more frequently to have 
delayed germination. 

Oat varieties may have one or more awns per spikelet in almost 
all panicles or awns few to almost entirely lacking. The awns may 
be straight or twisted. Varieties in each germination class included 
some classed as awnless and some having twisted awns and straight 
awns. It would seem that awn type is not an index of dormancy 
in oats. 

The type of basal scars in oat kernels may be classed as prominent, 
obscure, or absent. Of the five strains classed as having prominent 
basal scars, germination was slow or delayed in all. 

Oat kernels with prominent basal scars shatter readily, and varieties 
of this type probably would not be perpetuated in nature without 
some degree of dormancy. 

The mode of separation between the primary and secondary kernels 
of the oat spikelet has been described as abscission in Avena sa;twa 
varieties, fracture in A. and intermediate in certain varieties 
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having characteristics of both species (lA) . Seventeen of the varieties 
included in these experiments have the sativa type of separation or 
articulation, four varieties were classed as separating by fracture, as 
in A. sterilis, and three as intermediate. The data indicate that 
dormancy is most often observed in oats having a fracture or inter- 
mediate separation. Only one variety so classed germinated prompt- 
ly. Varieties separating by abscission may or may not have delayed 
germination. 


Table 6.— Kernel characters and type of germination of 25 varieties of Avena 


Species and variety 

Kernel characters 

Germina- 

tion 

Type of 
basal scar 

Articulation 

Color 

Awning 

Basal 

hairs 

Wild species: 







A. fatm, “Allen- 

Prominent- 

Sativa. 

Gray... 

Twisted, genicu- 

Many... 

Slow. 

town.” 




late. 



A. sterilis var. ludovi- 

-do 

Sterilis 

Red— 

do. . 


Delayed. 

ciana 






Cultivated species; 







A. byzantina: 








do 

do 

...do 

Straight . .. 


Do 

Brunker-. — 

Obscure 

Intermediate. 

...do 

Straight and ab- 

^ Few 

Very slow. 





sent. 



Coastblack 

Prominent. 

Sterilis 

Black. . 

Straight 

Many 


Fulghum selec- 

Obscure 

Intermediate. 

Bed— 

Straight and ab- 

Few 

Very slow. 

tion (G. I. 




sent. 


■ 

3227). 







Fulghum (winter 

do 

-....do........ 

...do.... 

do 

. -do , . 

Prompt. " 

• type), 






Nortex. 

Prominent. 

Sterilis 

...do 

Straight 

Alany... 

Delayed,. 

A. sativa: 






Absent. 

Sativa 

Yellow. 

Absent 

Few 

Slow. 

Black Mesdag-.. 

Obscure 

do 

Black - - 

Twisted, genicu- 

...do 

Prompt. 





late. 



Cornftllian 

Absent 

do 

Gray... 

Absent 

...do 

Do. 

Early Champion. 

Obscure 

do 

White- 

Twisted, genicu- 

...do 

Do. 

Early Joanette... 

..--do— — 

do- 

Black.. 

—...do 

-Many- 

Delayed, 

Hairy Culberson 

Absent 

do 

Gray... 

do... 

Few——. 

Prompt. 

(winter oat). 






Lee (winter oat) - 

.....do— — 

do 

Yellow- 

Absent 

...do 

Very slow. 

Markton 

Obscure 

do 

.„do-.- 

Twisted, genicu- 

do 

Do. 





late. 



Miami 

...do— - 

—do 

White- 

do 

...do.— 

Prompt, 

'Rifihland 

._.do 

do. 

Yellow. 

Absent to twist- 

-.do 

Slow, 





ed, subgenicu- 







late. 



Victor 

...do — - 

.....do 

Black.. 

Twisted, genicu- 

Absent.. 

Very slow. 





late. 



AiT'jntnria 

__,do 

do - 

Gray... 

do 

Few 

Delayed, 

Victory 

Absent..—. 

do.-——. 

White- 

Straight and 
twisted, genic- 

Absent- 

Prompt, 





ulate. 



Winter Turf 

.....do 

do 

Gray. - 

Twisted, genic- 

Few--.- 

Do, 

(winter oat). 




ulate. 



A. sativa var, orient- 







alis: 

iring 

.....do 

.....do 

White- 

Absent— 

Absent— 

Slow. 

White Tartar 

do...__ 

.do.. 

— .do... 

do.. ... 

...do..-- 

Do, 

A, nuda: 

TfikiArtv TTnll-lcss 

^.do 


— -do.... 

Twisted, genic- 


Prompt. 

XiliL/Ul ijj JULUIX iWuO.. 




ulate. 




Of the 25 varieties tested, 4 were classed as having no basal hairs, 
and Avena nuda could not be studied for this character. Four of the 
five oat varieties classed as having delayed germination had many 
basal hairs, and the fifth had a few. It has been shown, however, that 
at least in some oat types, notably fatuoids, having a prominent basal 
cavity and numerous hairs, delayed germination may not occur. 

Dark-colored kernels, prominent basal scars, _and numerous basal 
hairs, that often accompany slow or delayed germination, are frequent- 
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ly found in the species Avenafatua, A. sterilis, and ^4. bysmiiina, in 
which slow or delayed germination usually occurs. However, appar- 
ent relationship of these characters to dormancy may be merely 
incidental. 


RELATION OF KERNEL SIZE TO GERMINATION 

Table 7 presents data on size of kernel and percentage of groat in 
kernels of the oat varieties included in this e.xperiment. The varieties 
are listed in the order of the weight per 100 kernels. 


Table 7. — Kernel weight, percentage of groat, kernel length, and type of germination 

of 25 varieties of Avena 


Variety 

Oven-dry 
weight of 
100 kernels 

Groat 

Length of 
kernel 

Type of germina- 
tion 

A. fatua, “Allentown’’ 

Grams 

1.53 

Percent 

63. 0 

AJm 

Slow. 

A/sterilis var. ludoviciana. 

1.62 

58,5 


Delayed. 

Do. 

Early Joanette 

2. 16 

82. 5 

16 

White Tartar.-. 

2. 19 

76.4 

Very slow. 

Slow. 

Richland 

2. 26 

78.0 

17 

20 

Victoria.— 

2.31 

71. 1 

Delayed. 

Prompt. 

Very slow. 
Prompt. 

Do. 

Early Champion.. 

2. 40 

82.2 


Lee 

2. 44 

80. 7 

16 

19 

Black Mesdag 

2.59 

75. 0 

Cornellian 

2.59 

80.4 

18 

Hairy Culberson 

2. 62 

80.6 

15 

Do. 

Aurora 

2.74 

83.7 

Slow. 

Liberty Hull-less 

1 2. 78 


Prompt. 

Very slow, 

1 Prompt. 

^ Do. 

Fulghum (C. I. 3227) 

2. 99 

80.2 


Victory — 

3. 04 

78.2 


Winter Turf 

3. 09 

86.3 

! 17 

Fulghum (winter type) 

3.12 

82.6 

17 

Do, 

Brunker.. 

3.31 

75.8 

17 

Very slow. 
Delayed. 

Very slow. 
Prompt. 

Very slow. 
Delayed. 

Do, 

Slow. 

Berger 

3. 48 

76.8 

18 

Victor 

3.51 

72.2 

i 19 

Miami _ 

3.54 

78.3 

Markton 

3. 59 

77. 6 

18 

1 18 

I 

Nortex. 

3. SO 

80. 9 

Coastblack 

4. 08 

77. 7 

Storm King 

4.26 

70.4 

1 




1 Groat only. 


On the basis of weight, small- and large-kerneled varieties more 
frequently exhibited dormancy than varieties with kernels of medium 
size. The nine varieties that germinated promptly had midsized 
kernels weighing from 2.40 to 3.54 g per 100 kernels. Liberty Hull-less 
was included in this group, although, on the basis of groat weight, its 
kernels might be classed as large. 

The highest percentage of groat occurs in the varieties having mid- 
sized kernels, and in this group, as just shown, a large percentage of 
the varieties are prompt in germination. This might indicate that 
heavy hulls are related to dormancy were it not for certain exceptions 
among the varieties having delayed germination, such as Nortex, 
Early Joanette, and Coastblack. 

Apparently no relation exists between delayed germination and 
kernel length, kernel weight, or percentage of groat. 

RELATION OF GROWTH HABIT, COLD RESISTANCE, AND MATURITY TO 
GERMINATION 

Among the five varieties of winter oats, germination was prompt in 
Hairy Culbersonj Winter Turf, and Fulghum (winter type, G. I. 
2500), very slow in Lee, and delayed in Coastblack. 
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Additional varieties included in these tests that are extensively 
grown from fall seeding are Nortex and Fulghum (C. I. 708), of which 
C. L 3227 is a selection. Germination was very slow in the strain of 
Fulghum and delayed in Nortex. Hairy Culberson and a Fulghum 
(winter type) strain were recently reported by Coffman (i) to bemiore 
hardy than Winter Turf. These data indicate that delayed germina- 
tion in freshly harvested oats is not associated with winter growth 
habit or cold resistance as found in the hardier winter t3^pes. 

Spring oat varieties ranging in maturity from the earliest to the 
latest were tested. Among early-maturing cultivated varieties ger- 
mination was prompt in Black Mesdag and Early Champion and slow 
in Aurora and Richland, very slow in Brunker and Fulghum (C. L 
3227), and delayed in Early Joanette. Midseason varieties were 
similarly widely distributed among ^ different germination classes. 
Cornellian, Miami, and Victory germinated promptly; Markton was 
very slow; and germination was delayed in Berger and Nortex, the 
latter a variety grown both from spring and fall seeding. Several 
late-maturing varieties were tested. Germination was slow in Storm 
King, very slow in Victor and White Tartar, and delayed in Victoria. 

Liberty Hull-less, a midseason oat, germinated promptly. The 
early-maturing strain of Arena fatua tested germinated slowly, and the 
midseason strain of A, sterilis germinated very slowly. The data 
presented indicate that delayed germination is not necessarily related 
to time of maturity in oats. 

GERMINATION OF PRIMARY AND SECONDARY KERNELS 

In recording the data on germination it soon became evident that 
the primary kernels of the spikelet frequently germinated before the 
secondary kernels. Thereafter the germination of primary and second- 
ary kernels was recorded separately, and these data are presented in 
table 8. The weighted average germination of freshly harvested seed 
of the four prompt-germinating varieties, Cornellian, Miami, Victory, 
and Early Champion, that eventually germinated 100 percent was 33 
percent for the primary kernels, 20 percent for the secondary kernels 
within 4 days, and 97 and 91 percent, respectively, within 7 days. 
There was some indication that the secondary kernels germinate 
relatively more promptly after storage for 6 days or more following 
harvest than they do within 3 days after harvest. 

RELATION OF MOISTURE CONTENT TO GERMINATION 

A relationship has been reported between moisture content and 
dormancy in seeds. Data on the percentage of moisture in the seed 
and straw of freshly harvested oats and in the seed 3 or 4 days later 
are presented in table 9. 

The data show wide variations in the moisture content of oat 
varieties in each germination class at the time the seed was harvested. 
Twelve of the twenty-five varieties had less than 15 percent moisture 
in the seed at harvest. Varieties having the highest moisture content 
were not necessarily those slowest to germinate among either the wild 
or the cultivated species. Seed of freshly harvested Black Mesdag, 
which germinated promptly, contained 16,3 percent moisture, whereas 
seed of Goastblack containing 15.3 percent, Berger 13.3 percent, Lee 
12.1 percent, and Markton 13.8 percent were delayed or very slow 
in germination.^ 
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Table i.—Oermination of 'primary and secondary kernels of 12 varieties of Avena 


Germination 


Variety 


Age of 
seed 


Days 


Cornellian 

Black Mesdag... 

Miami 

Victory... ... 

Aurora 

Early Champion, 
Kichland 



A^ fatua, “Allentown” 

Markton 

Brunker 

Fulghum 

A, sterilis var. ludovidana... 

W eigh ted average ^ 

Do.L. 


12 

15 

11 

18 

24 

15 

11 

21 

All 

0 


3 or 4 days 

6 or 7 

days 

9 to 15 days 

24 to 69 days 

Pri- 

Second- 

Pri- 

Second- 

Pri- 

Second- 

Pri- 

Second- 

mary 

ary 

mary 

ary 

mary 

ary 

mary 

ary 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

44 

44 

100 

100 





48 

15 

100 

79 



160 

100 

94 

75 

100 

94 

100 

100 


2 

0 

100 

100 





63 

13 

100 

87 



100 

100 

13 

0 

100 

90 

100 

100 


75 

59 

100 

100 





93 

95 

100 

100 





0 

0 

92 

86 



100 

100 

0 

0 

57 

29 




0 

0 

64 

29 

■ 82 

39 

100 

100 

11 

7 

100 i 

100 





76 

62 

100 1 

100 






0 

0 

82 ^ 

0 

89 

9 



0 

0 

59 

13 

■ 




48 

8 





100 

100 

96 

70 



100 

100 



0 

0 

63 

0 

87 

0 



0 

0 

90 

40 





0 

0 

89 

36 






0 

0 

66 

52 





0 

0 

90 

55 



100 

100 

27 

13 

97 

75 








45 

13 1 





0 

0 

69 

20 


- 



0 

0 

46 

17 





43 

30 

65 

49 



100 

100 

33 

20 

97 

91 



100 

100 


1 Average of the 4 prompt-germinating varieties (Cornellian, Miami, Victory, and Early Champion) 
that eventually germinated 100 percent. 


Table 9. — Days to germinate and moisture content of fresh seed and seed B or 4 days 
oldy and moisture content of straw at harvest^ of 25 varieties of Avena 



^ Time in germinator until germination— 

Moisture content 

Germination type and oat 

Began 

Reached 80 percent 

Seed 


variety 

Fresh 
j seed 

Seed 3 or 
4 days 
old 

Fresh 

seed 

Seed 3 or 

4 days 
old 

Fresh 

3 or 4 days 
old 

Straw 

Prompt: 

Days 

Days 

Days 

Days 

Percent 

Percent 

Percent 

Black Mesdag 

4 

5 

6 

8 

16.3 

13.3 

70.5 

Cornellian 

3 

3 

6 

7 

12.6 

12.0 

75.1 

Early Champion 

6 

3 

49 

6 

12.8 

11.9 

75.3 

Fulghum (winter type) 

5 

2 

11 ! 

8 

11.0 

11. 6 1 

70.0 

Hairy Culberson 

3 

5 

11 ; 

8 

10.0 

11.3 

68.7 

Liberty Hull-less. 

2 

3 

■■ 14 ! 

3 

14.5 

13. 5 

73. 4 

Miami 

3 

3 

^ 1 

6 

13.8 

11.8 

73.7 

Victory 

6 

7 

6 1 

35 

13.8 

13.4 

61.8 

Winter Turf 

5 

2 

11 1 

8 

11.2 

11.8 1 

66.7 

Slow: 








A. fatua, Allentown” 

4 

5 

21 

8 

32.6 

• 16.6 

70. 7 

Aurora 

6 

6 

(1) 

(?) 

16.0 

13.1 

74.7 

Richland 

6 

5 

174 

70 

17.7 ! 

13.3 

79.0 

Storm King 

9 

6 

(?) 

49 

14.6 

10.9 

76.2 

Very slow: 







Brunker.. 

18 

6 

47 

44 

15. 6 

11.5 

74.8 

Fulghum (C. I. 3227). 

15 

14 

.77 

G) 

27. 1 

15.3 

72. 9 

- Lee-.-.-.....-...— 

15 

12 

59 

53 

12. 1 

9. 6 

70.2 

Markton.—.. 

8 

27 

(0 

(?) 

13.8 

13.2 

73* 2 

Victor - 

12 

9 

68 

62 

17.4 

12.0 

69.1 

White Tartar... 

27 

13 

(?) 

58 

19.8 

11.6 

73.5 

Delayed: 







A. sterilis var. ludoviciana.— 

14 

12 

(J) 

(1) 

16.4 

15.3 

73.8 

^ Berger 

29 

40 

(1) 

(0 

13.3 

11. 3 

75.0 

Coastblack... — 

56 

12 

0) 

53 

15.3 

9.4 

68.3 

Early Joanette..— 

64 

56 

80 

(0 

21.6 

12.4 

79. 6 

, Nortex. 

(?) i 

(2) 

(^) 

(2) 

23.3 

13. 7 

68. 4 

Victoria...— 

68 

66 

(0 

(1) 

19. 1 

!■ ' 14.8 

r" ■,'72.^ 


1 Did not germinate as much as 80 percent at end of test. 2 Did not germinate within 81 days. 
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Within 3 or 4 days after harvest all but three varieties had less than 
15 percent moisture and could be considered as approximately air-dry. 
Periodic fluctuations in moisture content due to changes in atmos- 
pheric humidity after that time were too small to affect appreciably 
the condition of the seed. 

During this short interval after harvest, retardation in germination 
was decreased in some varieties along with the reduction in moisture 
content. The behavior of the varieties in the delayed-germination 
groups, however, shows that drying alone can have only a limited 
effect in breaking dormancy in oats. 

The moisture content of the straw at harvest time varied from 
61.8 to 79.6 percent in the different varieties. There appeared to be 
little or no relation between promptness of germination and the 
moisture content of the straw. 

SUMMARY 

Freshly harvested seed of varieties of Arena satim showed all 
degrees of prompt, slow, and delayed germination. The freshly har- 
vested seed of the varieties of A. byzantina, A. fatuar Sind A, sterilis 
showed slow or delayed germination. A single variety of A. nuda 
germinated promptly. Indications are that dormancy may prove 
valuable in tracing the probable origin of oat varieties. 

After storage for 7 to 10 weeks after harvest, when the experiment 
had ended, all varieties except Fulghum, Victoria, and Arena sterilis 
var. ludoviciana showed a high 7-day germination. Dormancy was no 
longer evident in many of the varieties after storage for 4 w^^eeks. 
No Nortex seed stored less than 66 days germinated satisfactorily, 
thus explaining the poor field stands frequently obtained following 
the use of freshly harvested seed of Red Rustproof strains. 

Delayed germination was not definitely associated with time of 
maturity, growth habit, or cold resistance. Freshly harvested seed 
of some varieties contained considerable moisture and did not ger- 
minate so rapidly as seed that was allowed to dry^ for 3 or 4 days. 
However, many of the varieties continued to germinate slowly after 
the seed was air-dry, and delayed germination apparently resulted 
largely from factors other than moisture content of the seed. 

Varieties having dark-colored kernels, prominent basal scars, and 
numerous basal hairs on the primary kernels were slow in germina- 
tion. These characters are common to varieties belonging to Arena-, 
fatua, A. ste7dlis, and A. byzantina, ^ However, their relationship to 
delay in germination may be merely incidental. 

The varieties that germinated promptly had kernels of medium 
size. When freshly harvested the primary kernels germinate more 
promptly than the small and younger secondary kernels of the 
spikelet. The difference is less evident after a few days’ storage. 
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TWO DISTINCT STRAINS OF THE NEMATODE APHELEN- 
CHOIDES FRAGARIAE OCCURRING ON STRAWBERRY 
PLANTS IN THE UNITED STATES^ 



By J.> R. Christie 2 

Nemaiologistj Division of Hematology, Bureau of Plant Industry, United States 
Department of Agriculture 

INTRODUCTION 

In the southeastern part of the United States strawberry {Fragana 
L.) plants showing symptoms of the disease known as dwarf or ciHmp, 
harbor in the bud, between the young unfolding leaves, nematodes of 
the species Aphelmchoides fragariae (Ritzema Bos, 1891) Christie, 
1932. That this nematode is the cause of the disease has been dem- 
onstrated beyond doubt. In Maryland, symptoms usually appear in 
early July and begin to diminish in severity during October with the 
advent of cool weather. Farther south the period of pronounced 
symptoms may be somewhat extended, but even in Florida, according 
to Brooks,^ the disease is most pronounced from July through Sep- 
tember. 

In certain strawberry plantings on Cape Cod near Falmouth, Mass., 
there occurs a disease somewhat resembling dwarf or crimp of the 
South, This condition first came to the attention of ofEcials of the 
Massachusetts Agricultural Experiment Station in 1932. In the buds 
of plants showing symptoms are harbored nematodes that appear to be 
morphologically identical with those from southern-grown strawberry 
plants. There is little reason to doubt that the nematodes are the 
cause of the trouble. A microscopic examination of diseased plants 
in itself is very convincing, since the nematodes are usually present in 
enormous numbers — a much greater population than is found in the 
most heavily infested southern plants. The period of maximum symp- 
toms is from about the middle of April to the first of June. At other 
times during the growing season symptoms are much less severe 
although not necessarily lacking. 

Dwarf in the South, therefore, is a midsummer and early fall dis- 
ease, while the Cape Cod trouble is primarily a disease of early spring. 
From the standpoint of control measures the reason for this difference 
in the seasonal occurrence of symptoms is a matter of considerable 
importance. The question arises as to whether the Cape Cod trouble 
and southern dwarf are the same disease behaving in a different man- 
ner under different climatic conditions or whether they are two 
distinct diseases. The close morphological similarity of the nema- 
todes infesting strawberry plants in the two regions makes it impos- 

1 Received for publication November 24, 1937; issued July 1, 1938. This investigation was conducted at 
the Cranberry Substation, East Wareham, Mass., in cooperation with the Massachusetts Agricultural 
Experiment Station, and at the Coastal Plain Branch Station, Willard, N. C., in cooperation with the North 
Carolina Department of Agriculture. 

2 At Willard, N. G., the author was materially assisted by G. A. Meckstroth, associate pathologist. 

Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, U. S. Department of 
Agriculture. ^ „ 

3 Brooks, A. N. crimp—a nematode disease of strawberry. Fla. Agr. Expt. Sta. Bull. 235, 

27 pp., illus. 1931. 
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sible for the taxonomists to differentiate two species. However, 
races or strains, very similar morphologically but differing physiologic 
cally, have long been recognized among certain species of plant- 
infesting nematodes. That they occur in the genus Aphelenchoides 
has already been suggested.^ Among the forms previously described 
as distinct species. A, olesistus (Ritzema Bos) infests the leaves of 
begonias, ferns, and other plants; A. ritzemaJosi (Schwartz) infests 
the leaves of chrysanthemums and other plants; A. subtenuis (Cobb) 
is found in narcissus bulbs; and A. ribes (Taylor) is a bud parasite of 
black currants and gooseberries. All these forms are morphologi- 
cally so similar to the bud nematode of strawberry plants that Steiner 
and Buhrer ^ regard them as physiological strains of A. fragariae. 
Hitherto strains have been, for the most part, host strains, i. e., 
strains more or less specialized to certain plants or groups of plants. 
The writer is aware of no recorded instance where two distinct strains 
of a nematode species are confined to a single host plant. 

The object of the experiments reported in this paper was primarily 
to determine the possible effect of climate and other regional con- 
ditions on the character and seasonal occurrence of disease symptoms 
in strawberry plants caused by the nematode Aphelenchoides fragariae. 
Plants infested with this nematode from Cape Cod and plants infested 
with this nematode from North Carolina were grown side by side at 
Wareham, Mass., and at Willard, N. C. ^ In every instance where 
symptoms developed they were characteristic of the region from which 
the nematodes originated and not of the region in which the plants 
were grown. 

For convenience and brevity the terms ^ ^spring dwarfs ^ and ^ ^sum- 
mer dwarfs ^ are proposed for the Cape Cod type of disease and the 
southern type of disease, respectively. For descriptions and figures of 
summer dwarf the reader is referred to papers by Plakidas,® Brooks,’' 
and Christie and Stevens.^ The last-mentioned paper also describes 
and figures spring dwarf as it occurs on Cape Cod. 

EXPERIMENTAL PROCEDURE 

There was constructed at Wareham, Mass., a concrete isolation 
frame (fig. 1) the walls of which extended 18 inches below and 18 
inches above soil level and which was of such size that two transverse 
walls divided it into three compartments, each 6 by 12 feet. A similar 
concrete isolation frame was constructed at Willard, N. C, The 
arrangement and treatment of the plants were the same in both the 
Wareham and Willard experiments, and the following explanation 
applies in each case. In compartment H, fig. 2, Nos. 1 to 16 were 
strawberry plants of the Howard 17 (Premier) variety, selected in 
fields near Falmouth as showing typical symptoms of spring dwarf, 

4 Christie, J. R., and Grossman, Louise, water temperatures lethal to begonia, chrysanthe- 
mum AND STRAWBERRY “STRAINS"’’ OF THE NEMATODE APHELENCHOIDES FRAGARIAE (ANGUILLULINIDAE) . 
Helminthol. Soc. Wash. Proc. 2; 98-103, illus. 1935. 

5 The first three species mentioned were synonymized in the following puhlication: Steiner, G., and 
Buhrer, Edna M. nonspecificity of brown-ring symptoms on narcissus attacked by nematodes. 
Phytopathology 22: 927-928, illus. 1932. The last species mentioned (A. ribes) was synonymized in: 
Steiner, G; gooseberry flants’ and lilies attacked- by the strawberry nematode, aphelen- 
choides fragariae (ANGUILLULINIDAE). Helmihthol. Soc. Wash. Proc. 1: 58-59, illus. 1934. 

8 Plakidas, A. G. strawberry DWARF. Phytopathology 18: 439-444, illus. 1928. 

7 Brooks, A. N, See footnote 3. 

- 8 Christie, J. B., and Stevens, Neil E. strawberry dwarf, U. S. Dept. Agr. Gir. 297, 8 pp., 
illus. 1933. ' 
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and transplanted into the isolation frame; Nos. 17 to 32 were sup- 
posedly disease-free plants of the Blakemore variety from Beltsvillej 
Md., set in the isolation frame and subsequently infested with nema- 
todes from diseased Falmouth plants by dropping the parasites, sus- 
pended in water, into the crown of the plant with a dropper. 


Figtjee L— Isolation frame at Wareliam, Mass. That at Willard, N. C., was similar in all essential respects. 
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Figuee 2.— Arrangement of plants in isolation frame at Wareham, Mass., and at Willard^, N. C. 

Plants affected with the Cape Cod disease when selected from fields near Falmot^h, Mass., and 17-32, 
plants experimentally infested with Aphelenchoidesfragariae from Cape Cod plants; BjUninfe^^ 

C, 1-16, plants affected with southern dwarf when selected m fields near Willard,_N. C., and 17-32, plants 

experimentally infested with from North Carolina plants. 

Compartment B was filled with supposedly disease-free plants of the 
Blakemore variety from Beltsville, to serve as controls. _ J 
In compartment 0, Nos. 1 to 16 were plants of the Blakemore 
variety selected in fields near Willard, as showing typical symptoms 
of summer dwaxf, and transplanted into the isolation frame. Nos. 17 
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to 32 were supposedly disease-free plants of the Blakemore variety 
from Beltsville infested with nematodes from diseased North Carolina 
plants. In all the compartments a limited number of runner plants 
were allowed to remain, but enough were removed to prevent the for- 
mation of a dense stand. A microscopic examination of runner plants 
removed in thinning indicated to some extent the degree of infestation 
at different times of the year. Where runner plants were not formed, 
a portion of an original plant was sometimes broken away and ex- 
amined. The Wareham experiment was terminated on August 7, 
1936, and the Willard experiment on March 20, 1937. At these times 
an extensive microscopic examination of plants was niade. The situ- 
ation did not permit keeping these experiments under constant obser- 
vation. Data were secured during periodic visits to the two localities. 

THE WAREHAM EXPERIMENT 

Plants 1 to 16, compartment A, were set into the isolation frame 
June 28, 1934. Distinct sypmtoms of spring dwarf appeared on six 
of the plants during May 1935 but were not as pronounced as when the 
plants were selected for transplanting the preceding year. None of 
the plants showed distinct symptoms during the spring of 1936. 
When the experiment was terminated August 7, 1936, a miscrosopic 
examination showed an occasional specimen of Aphelenchoides fra- 
gariaeixi some of the plants. In this locality, however, plants affected 
with spring dwarf rarely harbor a large population during late summer. 
Throughout the course of the experiment these plants remained 
stunted. Plant 11 set one small runner plant; otherwise runners were 
not formed. 

Plants 17 to 32, compartment A, were set into the isolation frame 
June 25, 1934, and infested 2 days later. So far as could be deter- 
mined this attempt to establish an infestation was not successful, 
perhaps owing to subsequent wilting of the plants during midday 
from the effects of transplanting. A second attempt to establish 
an infestation was made May 24, 1935, and was successful, at least 
for some plants, although clearly recognizable symptoms never 
developed. An occasional specimen of Aphelenchoides fragariae was 
found in some of the plants on microscopic examination when the 
experiment was terminated August 7, 1936. 

Plants 1 to 16, compartment (7, w-ere set into the isolation frame 
July 12, 1934. Symptoms of summer dwarf were retained throughout 
the summer but decreased somewhat in severity following transplant- 
ing and largely disappeared during September. On September 20, 
one runner plant from each of eight original plants was removed and 
examined. Of these, two had a moderately heavy infestation, three 
harbored a few specimens, and three were not infested. No indica- 
tion of symptoms appeared during the spring and summer of 1935 
or 1936. All the original plants that were still alive and most of the 
runner plants were carefully examined August 7, 1936, and not a 
specimen oiAphelenchoides fragariae wsis found. 

Plants 17 to 32, compartment O, were set into the isolation frame 
June 25, 1934, and infested July 13. On September 20, of the original 
plants, six showed summer dwarf symptoms of varying degrees of 
severity and two were dead. The most pronounced symptoms were 
on the runner plants, many of thqm resembling in every respect 
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similarly affected plants in the South. One runner plant from each 
of 12 of the original plants was examined ; 7 had a moderately heavy 
infestation, 2 harbored a few specimens, and 3 were not infested . 
Of these plants some of the most heavily infested showed moderate 
symptoms, the others were not noticeably abnormal. No indica- 
tion of symptoms appeared during the seasons of 1935 and 1936 . 
On August 7, 1936, a careful examination of all the remaining original 
plants and many of the runner plants failed to disclose the pres'ence 
of Aphelenchoides fragariae. 

None of the uninfested plants in compartment B developed recog- 
nizable symptoms. From time to time throughout the duration of 
the experiment, runner plants were removed and examined. All 
plants whose appearance could in any way be regarded with sus- 
picion were included among those examined, but Aphelenchoides 
fragariae was never found. 

THE WILLARD EXPERIMENT 

Plants 1 to 16, compartment A, were set into the isolation frame 
May 29, 1935. They were shaded with burlap for a few weeks, then 
covered with slat frames providing one-third shade until September 
14, when all shade was permanently removed. Since diseased Blake- 
more plants were not available in the Falmouth region, it was neces- 
sary to use Howard 17 plants, a variety that does not thrive in the 
southern climate. Furthermore, these plants could not be selected 
until considerably past the time when transplanting can be done 
most successfully at Willard. Partial shade during the hottest part 
of the first summer seemed advisable. Many of these plants never 
entirely lost their abnormal appearance during the summer of 1935, 
although such symptoms as persisted were much less pronounced 
than when the plants were selected for transplanting. On January 
16, 1936, three of these plants showed quite pronounced symptoms 
resembling infested plants on Cape Cod during May, and several 
others showed slight but recognizable spring dwarf symptoms. A 
part of the crown of two of the plants showing slight symptoms was 
removed for examination ; each harbored a heavy population of 
Aphelenchoides fragariae, characteristic of spring dwarf. During the 
summer of 1936, as during the preceding summer, some of these plants 
never entirely lost their abnormal appearance although such symptoms 
as persisted were much less pronounced than during early spring. In 
1937, observations were made on March 20, when the experiment 
was terminated and the plants were examined. All plants were 
small and had a stunted appearance. One showed pronounced symp- 
toms and was heavily infested. Eight showed slight but recognizable 
symptoms; of these, three harbored aheavy infestation, five a moder- 
ately heavy infestation, and one a few specimens, ^ Of the remaining 
plants, four did not show symptoms and were not infested and three 
were dead. 

Plants 17 to 32, compartment A, were set into the isolation frame 
December 7, 1934, and infested May 29, 1935. These j)lants were 
shaded in the same manner and for the same period as Nos. 1 to 16. 
All plants were apparently normal on July 18, 1935, but by August 
13, three had developed suspiciously crinkled leaves and one showed 
distinct symptoms. By September 14 these abnormalities had dis- 
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appeared. On January 16, 1936, four plants showed moderately pro^ 
nounced spring dwarf symptoms and several others showed slight 
but recognizable symptoms. In some cases traces of these abnormali- 
ties persisted throughout the summer. On March 20, 1937, seven 
plants showed recognizable symptoms and all were heavily infested; 
three plants did not show symptoms and were not infested ; and six 
plants were dead. 

Plants 1 to 16, compartment (7, were set into the isolation frame 
July 6, 1934. Distinct symptoms reappeared on nine of the plants 
during July 1935 but were less pronounced than when the plants 
were selected for transplanting the previous year. Recognizable 
symptoms appeared on some of the plants during August and Septem- 
ber 1936 but were less pronounced than in 1935.^ Very few runners 
were produced at any time, although the original plants became 
large with many subdivisions of the crown. On March 20, 1937, 
a microscopic examination revealed only an occasional specimen of 
Aphelenchoides fragariae on some of the plants. This was in agree- 
ment with the nematode population usuallj^ found in infested southern 
plants at this time of the year but was in marked contrast to the 
very heavy infestation encountered in plants 1 to 16, compartment 
A, infested with the Cape Cod strain. 

Plants 17 to 32, compartment C, were set into the isolation frame 
December 7, 1934, and infested July 19, 1935. Ten of the plants 
had developed typical symptoms by September 14, 1935. Symptoms 
were also conspicuous on many of the runner plants, of which a greater 
number had been set than was the case with plants 1 to 16. During 
midsummer of 1936 recognizable symptoms appeared on some of 
the plants, but they were less pronounced than during the preceding 
summer. When the plants were examined microscopically on March 
20, 1937, a specimen or two of Aphelenchoides fragariae were found on 
some of them by careful searching. 

The plants in compartment B were set into the isolation frame De- 
cember 7, 1934. No indication of symptoms was seen during 1935. 
From time to time runner plants and any plants that seemed abnormal 
in appearance were removed for examination, but all were free from 
the parasite. Late in the summer of 1936 two plants developed 
symptoms of summer dwarf, and microscopic examination showed 
that both were infested with Aphelenchoides f ragariae. The origin of 
this infestation is not known. 

DISCUSSION 

Diseased strawberry plants from Cape Cod, when grown at Ware- 
ham, Mass. (plants 1-16, compartment M) and diseased strawberry 
plants from North Carolina, when grown at Willard, N. C. (plants 
1-16, compartment C), ^ showed most severe symptoms during the 
first year and progressively less severe symptoms thereafter. In 
general, both lots produced few runners. The plants at Wareham 
experimentally infested with the Cape Cod strain (plants 17-32, 
compartment A) were little affected by the parasite, and their growth 
throughout the experiment was about the same as that of the controls. 
For some reason the experimental infestation did not result in a suffi- 
cient nematode population to materially affect the plants. The plants 
at Willard experimentally infested with the southern strain (plants 
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17-32, compartment 0) produced runners rather freely the first year 
but thereafter produced fewer runners than did the controls. 

Diseased southern plants grown at Wareham (plants 1-16, compart- 
ment 0) produced few runners during the experiment even though 
the nematode population gradually disappeared. Plants at Wai-e- 
ham experimentally infested with the southern strain (plants 17-32, 
compartment C) produced runners rather freely throughout the 
experiment. During the first year many of these runner plants 
showed typical and quite pronounced symptoms of dwarf; but these 
symptoms did not reappear during the following two summers, 
apparently because of the gradual reduction of the nematode popula- 
tion that was unable to maintain itself under northern conditions. . 

The behavior of diseased Cape Cod plants grown at Willard (plants 
1-16, compartment A) and of plants experimentally infested with the 
Cape Cod strain (plants 17-32, compartment A) w'as about the same. 
Symptoms were clearly recognizable in 1936 as early as January 3, 
when the plants harbored the heavy nematode population character- 
istic of infested plants during April and May in the vicinity of Fal- 
mouth. It should be recalled in this connection that from January 
to March plants affected with summer dwarf and growing under 
southern field conditions never _ develop pronounced symptoms or 
harbor a large nematode population. 

During January, February, and March, 1931, the number of 
Aphelenchoides fragariae harbored by each of 65 plants was determined. 
These plants were of the variety Klondike, selected in fields near 
Chadbourn, N. C., during the summer of 1930 when all showed pro- 
nounced symptoms. Counts were made on five plants each week. 
The greatest number of Aphelenchoides fragariae specimens found in 
any plant was 80, and the average for the 3 months was 10 per plant. 
Counts on 5 plants per week, or a total of 20 plants, from the same 
locality during September 1931 gave an average of 221 specimens per 
plant, "the greatest number in any one plant being 605. Five plants 
selected in a field near Falmouth on April 24, 1934, and showing typical 
symptoms of spring dwarf harbored approximately 2,800, 8,620, 7,800, 
9,700, and 12,900 specimens of Aphelenchoides fragariae, respectively,® 

The intensity of the nematode infestation and the time of the year 
when it becomes greatest are the most outstanding differences between 
spring dwarf and summer dwarf. The plants in compartment A at 
Willard affected with spring dwarf retained the tendency to harbor a 
large population of Aphelenchoides fragariae during early spring, when 
plants affected with summer dwarf have only a few specimens. Dur- 
ing January 1936 and March 1937, many of the infested plants in 
compartment A had a much greater nematode population than is 
found in infested North Carolina plants during the period of maximum 
symptoms. . , , , 

These experiments indicate that the differences between the behav- 
ior of the parasite causing summer dwarf and that causing spring 
dwarf and the respective seasonal occurrence of symptoms are not 
due to the influence of climate or other regional conditions; All the 
facts indicate that two diseases are being dealt with which result 
from two distinct races or strains of Aphelenchoides fragariae. The 

9 Christie j: K , and Boyd, 0. C . aphelenchoides fragaeiae on cape cod strawberries. U . S. 
Biw. Plant iWs. Plant Disease ReptrV 18: 45-46. [Mimeographed.] 
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potential geographic range of each disease, however, may be restricted 
by climatic conditions. That summer dwarf can become permanently 
established as far north as Massachusetts seems doubtful Spring 
dwarf occurs in the regions of Falmouth and Dighton, Mass., but has 
not been found elsewhere in the New England States. What is in all 
probability the same disease has been found near Merchantville, 
N. J., on the Eastern Shore of Maryland, and in Fairfax County, Va. 
From the results of the Willard experiment one would conclude that 
this disease probably can and perhaps does occur as far south as 
North Carolina. 

SUMMARY 

When strawberry plants showing typical symptoms of summer 
dwarf were moved from North Carolina to Wareham, Mass., they 
retained, to some extent, both their symptoms and their nematode 
population throughout the remainder of the growing season. When 
strawberry plants growing at Wareham were experimentally infested 
during early summer with Aphelenchoides fragariae from southern 
plants, typical symptoms of summer dwarf were freely developed 
during July and August. In neither case were recognizable symptoms 
developed during the following two summers, and at the end of the 
third season the plants had entirely lost their infestation. There was 
no tendency for northern climatic conditions to change the seasonal 
occurrence of symptoms; but instead, symptoms disappeared after the 
first summer, apparently owing to the gradual extermination of the 
nematodes. 

When strawberry plants showing typical symptoms of spring dwarf 
were moved from Falmouth, Mass., to Willard, N. C., neither the 
character nor the seasonal occurrence of the disease was changed 
except that symptoms occurred much earlier in the ‘year. Plants 
growing at Willard and experimentally infested with nematodes from 
Cape Cod plants behaved in a similar manner. After two summers 
in the southern climate there was no significant reduction in the 
nematode population. 

It is concluded that spring dwarf and summer dwarf are caused by 
two different strains of Aphdenchoides fragariae that are indistinguish- 
able morphologically but differ physiologically. 
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PRESERVATION OF CYANOGENETIC PLANTS FOR 
CHEMICAL ANALYSIS ‘ 

By Reinhold R. Briese, junior chemist, and James F. Couch, chemist, Path- 
ological Division, Bureau of Animal Industry, United States Department of 
Agriculture 

INTRODUCTION 


The need of an efficient preservatiye for samples of fresh cyano- 
genetic plants intended for chemical analysis has long been recog- 
nized. In the past, reliable figures for the hydrocyanic acid content 
of such, plants could be obtained only from specimens collected 
immediately before analysis. This fact is due to the rapidity with 
which the hydrocyanic acid content changes after the plants are 
gathered, resulting in a yariable loss of hydrocyanic acid which renders 
the analytical^ figures uncertain. Considerable disappearance of 
hydrocyanic acid occurring when cyanogenetic plants are stored with 
water has been reported by Dezani, {ISy^ Alsberg and Black, (S) and 
others {20, 26). These considerations make impossible a comparison 
of plants grown in different places under different climatic and soil 
conditions if the samples must be transported great distances for 
analysis. 

In a projected study of the factors involved in cyanogenesis it was 
desired to obtain samples of several varieties of cyanogenetic plants 
from widely scattered regions. These included localities in Utah, 
Colorado, Oklahoma, Texas, and Virginia. The chemical studies 
were conducted in the laboratories of the Bureau of Animal Industry 
in Washington, D. C. The transportation of some of the samples 
required 7 days by express, so that a long interval elapsed between 
collection and analysis. In some cases it appeared that refrigeration 
would preserve the samples without great change during transit, but 
this method was impracticable. It was decided, therefore, to study 
other means as well as refrigeration for preservation of the samples, 
and this paper records the results of that investigation. 


FORMATION AND PRESERVATION OF HYDROCYANIC ACID IN PLANTS 


Hydrocyanic acid does not appear to exist as such in cyanogenetic 
plants (5, 17, 18, 21) but results from the interaction of an enzyme 
C'emulsin'O and a glucoside which contains a CN group capable of 
being hydrolyzed to hydrocyanic acid. The rate of hydrocyanic acid 
formation, once the process begins, is originally rapid but diminishes 
after some hours and then proceeds slowly for an indeterminate time. 
Studies by Auld {4, 5), Caldwell and Coiirtauld (5), Tammann (£^), 
and Willstatter and Csanyi {31) indicate that the enzymic hydrolysis 
of amygdalin is not complete. Auld observed a decomposition of 93.3 
percent in 22 hours, and Caldwell and Courtauld report 98.2 and 98.5 

1 Received for publication March 8, 1938; issued August 1938. 

2 Italic numbers in parentheses refer to Literature Cited, p. 105. 
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percent in 67 and 90 hours, respectively. Aiild considers these 
percentages too high. 

Charlton (9) and, independently, Warth (^8) foiind that after 
enzymic hydrolysis of Burma beans a further ciuantity of hydrocyanic 
acid could be obtained by extraction with hot water and acid hydrol- 
ysis of the extract. Narasimha Acharya (1) states that 72 hours is 
required for complete cyanogenesis in sorghum. Under these con- 
ditions it is essential that a preservative should not inactivate the 
enzyme present in the plant and so stop all cyanogenesis, and in addi- 
tion that it should so act as to prevent or at least minimize loss of the 
hydrocyanic acid liberated by enzyme action. The ideal preservative 
would be one that could act solely to prevent loss of hydrocyanic acid 
without disturbing other metabolic processes in the sample, and that 
would permit quantitative recovery of the hydrocyanic acid produced 
during the preservation. 

Some attempts to obtain an effective preservative have been re- 
ported. Briinnich (7) stated that the addition of formalin or chloro- 
form to sorghum completely stops formation of hydrocyanic acid. 
Alsberg and Black (2) employed alcohol to preserve specimens of 
certain grasses. Willaman and West (SO) used 20 cc of 3-percent 
alcoholic sodium hydroxide and 2 cc of chloroform for samples pre- 
served for 4 to 8 days and reported no loss of hydrocyanic acid in the 
material. Willaman (29) in a later study found alcohol and mixtures 
of alcoholic sodium hydroxide with chloroform and of alcohol with 
chloroform or ether to be effective preservatives of sorghum. He 
concluded that alcohol, chloroform, and ether stimulate the synthetic 
action of the glucoside enzymes, leading to an increased hydrocyanic 
acid content of the plant. 

BACTERIAL DECOMPOSITION 

In the storage of plant material the question of the possibility and 
effect of bacterial decomposition arises. The observation that certain 
micro-organisms may so decompose protein as to lead to the formation 
of hydrocyanic acid introduces a factor that must be considered in all 
studies on preservation. Emerson, Cady, and Bailey (14) report that 
certain micro-organisms living on slightly acid protein media evolve 
hydrocyanic acid provided no free mineral acid is present. Clawson 
and Young (10) identified one of these organisms as Bacillus pyo- 
cyaneus and stated that B. fluorescens and other organisms produce 
hydrocyanic acid from proteins. Clawson and Young call attention 
to the fact that in most of the work that has been done on cyanogenetic 
plants the workers were using nonsterile material which could have 
been easily contaminated by a hydrocyanic acid-producing organism.” 

The probability that this explanation of cyanogenesis would ac- 
count for the hydrocyanic acid content reported ioi Phaseolm lunatus, 
sorghurn, wild cherry, flax, and other cyanogenetic plants was removed 
by the isolation of the cyanophoric glucosides present in these plante 
and the proof that they may evolve hydrocyanic acid under sterile 
conditions such as boiling with strong mineral acids. 

Further evidence on this point is afforded by the present study in 
which it has been found that cyanogenetic plants preserved with 1 
and 2 percent of mercuric chloride evolved as much and in some cases 
more hydrocyanic acid than control plants stored under nonsterile 
conditions. 
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PLANTS USED IN THIS INVESTIGATION 

A number of different species of cyanogenetic plants were used in 
this study since it was not known whether an effective preservative 
for one type of plant would be equally effective for a different species. 
In most cases both fresh and dried material was available, but for 
Johnson grass (Sorghum halepense) only dried plant was obtained. 
Wild cherry (Prunus serotina) was collected in Arlington County, 
Va., as needed. Another species, P. melaaiocarpa, was collected in 
the neighborhood of Salina, Utah, by A. B, Claw^son, of the Bureau 
of Animal Industry, and shipped to the laboratory both as dried plant 
and in preservative. Arrowgrass (Triglochin maritima) was also 
collected by Clawson in various localities in Utah and was shipped 
both as dried plant and in preservative. Sudan grass (8. mlgare \ar. 
sudanensis) was collected near Denver, Colo., by G. W. Stiles, Jr., of 
this Bureau, and was shipped both as green and as dried plant. Dried 
Johnson grass was obtained from Woodward, Okla., through the 
Bureau of Dairy Industry. A large number of specimens of sorghum 
(S. vulgare) were obtained from a variety of sources. Through the 
courtesy of J. H. Martin, of the Bureau of Plant Industry, growing 
plants of 15 varieties of sorghum were made available, and later plants 
growing under greenhouse conditions were provided. Dried material 
of 12 varieties of sorghum grown at Chillicothe, Tex., was obtained 
through the courtesy of J. C. Stephens, of the Bureau of Plant In- 
dustry. The principal studies of sorghum were made with the varie- 
ties hegari, spur feterita, and white Italian broomcorn. Specimens 
of green arrowgrass and P. melanocarpa were preserved by Clawson 
in Utah before shipment. All other specimens used in this study were 
preserved in the laboratory at Washington, D. C. 

METHOD OF PREPARING AND PRESERVING SPECIMENS 

Customarily 100 g of fresh plant was taken. The quantity of dried 
plant used was 10, 25, or 50 g, depending on the cyanide content of 
the specimen. The dried plant was ground through a food chopper 
or mill, placed in a pint-sized clamp-topped preservative jar equipped 
with a glass top and rubber gasket, the preservative was added, and, 
except in special cases, the jar was filled to the shoulder with distilled 
water. Tap water of high quality was used in cases where no inter- 
ference could be caused by the dissolved matter. 

In the preparation of the samples of fresh plant used in these experi- 
ments, the material was passed through a food chopper equipped with 
the rotary cutter of 1-cm orifice measured at the circumference. The 
hash was then thoroughly mixed, any juice that had been squeezed 
out being added, a portion was taken for moisture determination, 
and the remainder was weighed into sample jars as rapidly as possible. 

The specimens preserved at Washington were then stored at definite 
temperatures until required for use. Since field specimens could be 
received at this laboratory within 7 days after collection it was ac- 
cepted, at fi®rst, that a preservative that would prevent undue change 
in the specimen for that length of time would be suitable for use. 
Consequently most of the early experimental samples were not kept 
for longer periods. Hov^ever, when it was found that some substance^ 
seemed to possess very good preservative powers a number ol experi- 
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merits were conducted to determine the length of time specimens 
might be stored and still yield accurate figures on analysis. 

METHOD OF ANALYZING SPECIMENS FOR HYDROCYANIC 

CONTENT 

The hydrocyanic acid content of the various samples was deter- 
mined by the method of Liebig as modified by Deniges {12), No 
difficulty that could be traced to the plant alone was experienced, but 
on several occasions the preservative rendered the end point obscure 
or titration quite impossible. The plant specimens were customarily 
washed into a 5-liter flask with enough water to make 1,200 to 1,500 
cc of final volume, and the mixture was distilled over a free flame into 
10 cc of 5-percent potassium hydroxide solution. Approximately 400 
cc of distillate was taken and titrated, after which distillation was 
continued until only insignificant quantities of cyanide collected in 
the receiver. 

SOURCES OF ERROR 

The principal source of error in this study originated in the method 
of sampling the green plant. It was impossible to obtain a homogene- 
ous mixture from which several samples might be taken for compara- 
tive analyses without allowing considerable loss of hydrocyanic acid 
and so rendering the results worthless. Since the distribution of 
cyanogenetic substances is not uniform in various types of tissues in 
the plant, any excess of one type will alter the hydrocyanic acid con- 
tent of the sample. Even in samples restricted to leaves there is a 
dilference in the various portions of the leaf structure (25)^ and with 
samples that contain a portion of stalk, which is fibrous and difficult 
to comminute and distribute uniformly through the ground sample, 
the probability of error is much increased. Dried material may be 
ground to fine powder and intimately mixed so that error from this 
source is much diminished but not completely eliminated. 

Another source of possible error arose in the transference of the 
stored sample to the flask in which it was to be distilled. With warm 
samples from the incubator at 37^ C., especially when the hydro- 
cyanic acid content is high, there is a possibility that hydrocyanic 
acid vapor may escape while the sample is being transferred. In 
cases in which this loss was likely to be appreciable, the samples were 
weighed into the distilling flask and the preservative solution was 
added at 37° if the sample was to be incubated. The flask was then 
tightly stoppered and was not opened until it was connected to the 
condenser for the actual distillation. 

The probable loss of hydrocyanic acid by reaction in the contents 
of the flask during distillation appears to be a source of error inherent 
in the process. Aside from losses of hydrocyanic acid due to incom- 
plete cyanogenesis and disappearance of formed hydrocyanic acid by 
processes in the stored sample, the error inherent in the method may 
reach 1 percent Since precision of the order attained in ordinary 
inorganic analytical procedure is not required in studies of the type 
reported in this paper, an error of this magnitude is small as compared 
with experimental differences and does not invalidate the conclusions 
to be drawn from the experiments. Much more serious are the errors 
derived from incomplete cyanogenesis and from loss of hydrocyanic 
acid by apparent conversion into other substances. 
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PRESERVATIVE ACTION OP DIFFERENT SUBSTANCES 

Since the absolute hydrocyanic acid content of the plants under 
investigation was not known and the figures obtained by various 
experimental treatments differed within wide lunits, it was necessaiy 
arbitrarily to select one of the results as a standard with which the 
other figures and processes might be compared. Ordinarily the high- 
est figure obtained was selected as the standard. It represents the 
figure that the chemist would report as the hydrocyanic acid content 
of the sample. 

It was found convenient to calculate the analytical results in milli- 
grams of hydrocyanic acid per 100 g of plant rather than in percent. 
Consequently all the tabular data are expressed in that unit. Figures 
for green plant are reported on a green rather than on a dry basis 
since no moisture determinations are available for plants collected at 
a distance and shipped in preservatives. 

UNTREATED SAMPLES 

Specimens of the plants were ground through a food chopper, and 
the weighed quantity was placed in the preserving jar. The speci- 
mens were then stored at some definite temperature for the stated 
time and analyzed. The results (table 1) showed that hydrocyanic 
acid disappeared during storage in larger than permissible quantities 
when the specimens were stored at temperatures likely to be encoun- 
tered during shipment from the place of collection to the laboratory. 
As indicated by table 1, hegari kept at a low temperature suffered no 
loss in 4 days. 

Table 1. — Hydrocyanic acid recovered from fresh, plants after storage without added 
preservative for different periods 


Plant 

Period of 
preserva- 
tion 

Temper- 
ature of 
preserva- 
tion 

Hydrocyanic acid per 
100 g of plant in— 

Hydrcxty- 
anic acid 
recovered 

Standard 

Test speci- 
men 


Days 

°C. 

Milligrams i 

MUHgrams 

Percent 

Arrowgrass 

6 

(0 

1(53.8 

136. 8 

83,5 

Hegari - 

1 

37 

16.5 

10. 5 

63. 6 

Do 

4 

9 

7.56 

7.56 

100 

Frumis serotiria 

3 

25 

131.8 

114.4 

86.8 

Do : 

6 

25 

131.8 

109 

82.7 

Sudan grass 

3 

25 

116.6 

19.4 

16. (5 


1 Temperature was variable owing to tbe transport of the samples across country in summer weather. 


REFRIGERATION 

The observation that hegari apparently did not change after stor- 
age for 4 days at 9° C. suggested further study of this means of pres- 
ervation. A collection of fresh Spur feterita leaves was minced in a 
food chopper, and 100-g samples were weighted into 5-liter flasks. 
To one of these, 1,200 cc of water was added and the hydrocyanic 
acid was distilled. The sample gave 14 mg of hydrocyanic acid per 
100 g of plant. A second sample was mixed with 1,200 cc of water, 
incubated 24 hours at 37°, and then gave 26.5 mg of hydrocyanic acid 
per 100 g. This figure was taken as the standard. A third sample 
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was allowed to remain without the addition of any other substance 
for 36 hours at laboratory temperature (25°) and then analyzed. It 
gave 3 mg per 100 g. The other samples were put in two refrigerators 
one at 9° and the other at 10°. After 24 hours, five of the samples 
in the refrigerator at 9° were removed, one was mixed with 1,200 cc of 
water and distilled, and the remaining four were placed in a cold- 
storage chamber at - 10°. The refrigerated samples were withdrawn 
at 24-hour intervals beginning at 48-hour intervals, mixed with 1,200 
cc of water, and the hydrocyanic acid distilled. The results are re- 
ported in table 2. None of the refrigerated samples gave as much 
hydrocyanic acid as the standard, the quantity ranging from 46 to 
66.2 percent of the criterion. To determine_ whether this result was 
due to suspension of cyanogenesis during refrigeration, one sample was 
incubated at 37° with 1,200 cc of water for 24 hours. It yielded only 
4.05 mg, or 15.3 percent, of the standard. The experiment showed 
that the mechanism by which hydrocyanic acid is destroyed was 
considerably increased by the treatment. The results indicated that 
refrigeration as a method of preservation would not lead to accurate 
results so far as sorghums are concerned. 


TabTjE 2. — Recovery of hydrocyanic acid from fresh Spur feterit a leaves 
ation under varying condUions 


Period of preservation and 
temperature (° C.) 

Hydro- 
cyanic 
acid in 
100 g of 
test spec- 
imen 

Hydro- 
cyanic 
acid re- 
covery 

Period of preservation and 
temperature (° C.) 

Hydro- 
cyanic 
acid in 
100 g of 
test spec- 
imen 

Hydro- 
cyanic 
acid re- 
covery 


Milli- 



MilU- 



grams 

Percent 


grams 

Percent 

None 

14 

52.8 

24 hours at 9° then 48 hours ^ 



24 hours at 37° 1 

26.5 

100.0 

at —10°; 24 hours at 37° 

4. 05 

16. 3 

36 hours at 25° 

3 

11.3 

24 hours at 9° then 72 hours at 



24 hours at 9° 

15. 5 

58. 5 

—10° - 

15. 7 

59.2 

24 hours at 10° 

12.2 

46.0 

24 hours at 9° then 96 hours 



48 hours at 9° 

15. 5 

58.5 

at — 10° , 

15. 77 

59.5 

96 hours at 9°-.- 

17. 55 

66.2 




120 hours at 9°.,_ 

12. 69 

47.9 




24 hours at 9° then 48 hours 






at ~10°_.,- 

15.5 

58.5 





1 Taken as the standard. 

WATER ALONE 

A few specimens were stored with water as the only added substance, 
with the results shown in table 3. 


Table 3. — Hydrocyanic acid recovered from fresh plants after storage in water for 

3 or 6 days 


Plant 

Period of 

Tempera- 
ture of 

Hydrocyanic acid per 
100 g of plant in — 

Hydro- 
cyanic acid 
recovered 

preserva- 

tion 

preserva- 

tion 

Standard | 

Test spec- 
imen 

Arrowgrass_.-___„ . _ ' 

Dags 

6 

° C. 

0) 

' 25 

Milligrams 
■ 163.8 i 

Milligrams 
163. S 

Percent 

100 
93. 3> 

Prunus serotina., . . 

■■■■ ■ 3' 

131.8 

123 

Sudan grass. . ■ 

3 

25 

116.6 

96.2 

82.5 




1 See footnote 1, table 1. 
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CHLOROFORM MIXTURES 

A number of experiments were made with chloroform alone and 
mixed with water or alcoholic potassium hydroxide (3 percent), or 
both. In one experiment the alkali was replaced by tartaric acid, 
which showed a high degree of preservation. In this test lOO g of 
ground hegari was mixed with 300 cc of water containing 5 g of tartaric 
acid and 2 cc of chloroform, incubated 24 hours at 37^^, and then 
stored for 17 hours at 9°. The mixture gave 7.38 mg of hydrocyanic 
acid per 100 g of plant as against 7.56 mg in the standard, or a recovery 
of 97.6 percent. In one experiment, as shown in table 4, a larger yield 
of hydrocyanic acid was obtained after 4 days of preservation of 
hegari with chloroform alone than after 1 day of incubation with 
water alone, the figure for which is taken as standard. This result 
may be explained by assuming that chloroform depressed the hydrol- 
ysis of the hydrocyanic acid during the time of storage. On the whole 
the mixtures used cannot be considered satisfactory preservatives, 
and in addition the^ presence of chloroform in the distillates during 
analysis caused a milkiness at times that interfered with observation 
of the end point. 

Table 4. — Hydrocyanic acid recovered from fresh plants after storage with chloroform 
mixtures for different periods 


Composition of press r- 
ative 

Plant 

Period 
of pres- 
erva- 
tion 

Tem- 
pera* 
ture of 
preser- 
vation 

Hydrocyanic 
acid per 100 g of 
plant in— 

Hydro- 

cyanic 

acid 

recov- 

ered 

Chlo- 

roform 

Alco- 

holic 

potas- 

sium 

hydrox- 

ide 

Water 

Stand- 

ard 

Test 

speci- 

men 







MUlh 

Mlli- 


Cc 

Cc 

Cc 


Pays 


grams 

grams 

Percent, 

2 



Arrowgrass - 

6 

(C 

163. 8 

139.9 

85.4 

2 


300 

_ _ do - 

6 

(0 

25 

163. 8 

146 

89.1 

2 



Hegari 

4 

7. 56 

8. 2 

108.4 

2 


300 

------- 

1 

9 

17.75 

17.8 

UK). 0 

4 



.do 

1 

37 

10 

9.2 

92. 0 

2 

20 


dn - - 

4 

25 

7. 56 

6 

79.4 

2 

20 


do - 

! 8 

25 

7. 55; 

6 

79.4 

2 

20 

280 

Prunus moHna - 

! 1 

25 i 

72.4 

23. 8 

32.9 

4 



do 

! 1 

37 

,58.9 

54.0 

91.7 

2 



.. ..do - 

! ■ 3 

25 

131.8 

113.4 

86. 0 

2 


280 

Spur feterita ----- - 

7 

25 

30,4 

10.4 

34. 2 

2 


300 

Sudan grass 

3 

25 

116.6 

96.2 

.82.5 

2 / 


300 

White Italian brcomcorn 

30 

25 

26.5 1 

21.6 i 

81.5 

2 


300 

do 

60 

25 

25.5 

16. 2 ! 

61.1 










1 See footnote 1, table 1. 


ACIDS 

Although it is well known that increasing^ the hydrogen-ion con- 
centration of cyanogenetic mixtures results in a decreased yield of 
hydrocyanic acid (ff, 21, 27, 29), it was considered advisable to 
obtain data on this phenomenon imder the conditions of these experi- 
ments. Various strengths of different acids in water were added to 
samples of the plants, and some of the mixtures were then incubated 
for 24 hours at 37° G. Several of these were then stored in an ice 
box at 9° for a further 17 hours before analysis. 
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Table 5. — Hydrocyanic acid recovered from fresh plants after storage with different 
acids in the dilntion indicated for different periods 


Acid 


Aluminum sulphate 

Lactic. 

Do 

Phosphoric 


Salicylic- 

Do.. 

Do__ 

Do-- 

Do.. 


Sulphuric. 

Do... 

Do... 

Tartaric.. 

Do... 

Do... 

Do... 


<h 

> 

u 

CD 

cn 

CD 

4^ 

c 

§ 


prcscrva- 

n 

1 

® a 
S.S 

Hydrocyanic 
acid per 100 g 
of plant in— 

lie acid 
red j 

m 

fl 

CD 

OD 

CO 

oS 

J.7 

"S 

Plant 

Period of 
tio 

® "S 

cS -> 

J.4 

CD CD 
& 

s 

Standard 

Test spec- 
imen 

l>j o 

O o 

22 

n 

l>. 

W 

Per- 

cent 

Cc 


Hours 

°C. 

Milli- 

grams 

Milli- 

grams 

Per- 

cent 

6 

1, 00^ 

Primus serotma 

1 

25 

116.3 

95. 2 

81.9 

3 

300 

Sudan grass. 

24 

37 

16. 5 

15.4 

93.3 

1 

300 

do.. 

24 

37 

16. 5 

12.7 

76.9 

4 

300 

do 

41 

1 

7. 56 

3. 88 

51.3 

1 

300 

White Italian broomcorn 

Days 

’ 25 

26. 5 

24.8 

93.6 

1 

300 

Sudan grass 

3 

25 

116.6 

109 

93.5 

1 

300 

P. serotina 

3 

1 25 

131. S 

127. 4 

96.7 

1 

300 

do - 

3 

i 25 

131.8 

125. 3 

95.0 

5 

300 

Arrowgrass... 

f) 

1 C) 

163. 8 

147.7 

90.2 

2 

300 

Sudan grass 

Hours 

41 

t («) 

7. 56 

5. 68 

75.1 

3 

300 

do - - 

24 

; 37 

16. 5 

3.5 

21.2 

5 

300 

White Italian broomcorn 

1 

25 

26. 35 

5.4 

20.5 

10 

300 

Hegari 

41 

(3) 

7. 56 

6.59! 

87.1 

10 

300 

do.5 

41 

' (») 

7. 56 

6,76 

89.4 

5 

1, 000 

do.5 

41 

(3) 

10 

10.8 i 

108.0 

5 

300 

do 

24 

1 37 

16. 5 

1 12.2 1 

t 1 

73,9 


1 Calculated on weight of plant. 

2 Acid in reaction, though not technically an acid, 

3 24 hours at 37° and 17 hours at 9°. 

^ See footnote 1, table 1. 

5 Frosted. 


The results are reported in table 5, the strength of the acid being 
calculated to the weight of plant and not to the volume of liquid. 
Thus, 10 percent of acid refers to 10 g of acid per 100 g of plant used 
in the experiment. The results obtained from the use of the different 
acids were in general similar, the differences noted suggesting that the 
effective agent in loss of hydrocyanic acid is the concentration of 
hydrogen ions. The greatest effects were obtained with sulphuiic and 
phosphoric acids and less with weak acids, such as lactic and salicylic. 
Indeed, if salicylic acid did not distill with the hydrocyanic acid and 
tend^ to interfere with the subsequent titration it would merit further 
consideration as a preservative. The effect of lactic acid was of 
interest because of its possible formation in silage and the findings 
of Collins (11) that lactic acid markedly depresses the rate of evolution 
of hydrocyanic acid from linseed. The question whether the observed 
effects of various acids are to be referred solely to hydrogen-ion 
concentration or whether the character of the anion is also a factor 
is being investigated in this laboratory. 

ALKALIES 

A few experiments were made to determine the effect of alkalies 
on the cyanogenetic plants used in this study. These tests were 
usually made in connection with experiments on other preservatives 
and served to furnish comparative data. The results obtained, 
reported in table 6, are in agreement with those found by Swanson, (23) 
Auld, (S) and others. They raise the important question whether the 
effect of the alkali is inhibition of the cyanogenesis or destruction of the 


July 16 , 1938 Preservation of Cyanogenetic Plants for Analysis 89 

hydrocyanic acid after its formation. The data, although too few 
in number to permit conclusions, indicate the probability of the latter 
alternative. With Prunus serotina, in which ordinarily cyanogenesis 
takes place very rapidly, there was an 80 to 90 percent 'decrease ia 
hydrocyanic acid recovered, whereas with Sudan grass, in which 
cyanogenesis is somewhat slower, the decrease was 91 to 96 percent. 
With alcoholic potassium hydroxide, in which case the alcohol would 
be expected to repress cyanogenesis and so act to heighten the effect 
of the alkali if the first alternative were true, actually the contrary 
effect was noted. Increasing the quantity of alcohol present resulted 
in a larger yield of hydrocyanic acid. 


Table 6. — Hydrocyanic acid recovered from fresh plants after storage in alkaline 
liquids in the dilutions indicated 



Q 

h 

<a 



1 

ao 

o 

o 

cl 

03.2 

Hydrocyanic 
acid per 100 g 
of plant in— 

s 

o 


2 

00 



as 

& c 

ft© 

S ft 

Stand- 

ard 

Test 

speci- 

men 

l'8 

"d 

K 

Calcium hydroxide.-. 

Pet. 

2 

Water 

! Sudan grass 

Days 

3 

25 

Millh 

grams 

116.6 

Milli- 

grams 

10 

Pet. 

8.6 

Do 

5 

do 

Prunus serotina 

3 

25 

131.8 

27.0 

20 5 

Do 

10 

dc 

1 do 

3 

25 

131.8 

21. 6 

16.4 

Magnesium oxide 

5 

do 

Arrowgrass— 

6 

(2) 

163. 8 

57,8 

35.3 

Potassium hydroxide. 

2 

25 per cent alcohol. 

P. serotina-^ 

3 

25 

158.8 

14 

8.8 

Do 

2 

50 percent alcohol. 

do._ 

3 

25 

158. 8 

21.6 

13.6 

Sodium carbonate 

2 

Water 

White Italian broom- 

3 

25 

36, 6 

11. B 

33.2 

Do 

2 

..—do 

corn. 

Sudan grass 

3 

25 

116.6 

4.4 

3.8 

Do - 

2 

do 

P. serotina... 

3 

25 

158. 8 

14.6 

9.2 

Do 

2 

do 

Arrowgrass 

6 

(^) 

163.8 

112.1 

68.4 


1 300 ec was used in all cases. 

2 See footnote 1, table 1, 


MISCELLANEOUS PRESERVATIVES 

The results obtained in tests of a number of substances which 
proved not to be suitable are reported in table 7. Toluene was used 
because of its well-known antiseptic action. With one sample of hegari 
it yielded an increased quantity of hydrocyanic acid. However, during 
the experiment, the mixture was stored at a low temperature, 9° C., 
a condition under which another sample of hegari without preservative 
lost no hydrocyanic acid during 4 days^ storage (table 1). With 
samples of other plants the loss of hydrocyanic acid was too large to 
warrant the further use of toluene which, in addition, has the disad- 
vantage of distilling over with the hydrocyanic acid and interfering 
somewhat with the titration. 

Glucose, thymol, and hexone added to samples of Prunus serotim 
resulted in mixtures that yielded as much hydrocyanic acid after 24 
hours as did a sample incubated at the same temperature for 24 hours 
with the addition of water only. Thymol and hexone distill with 
the hydrocyanic acid and may interfere with the titration. 
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Table "J .—Hydrocyanic acid recovered from fresh plan^^^ after storage with misceU 
laneous preservatives in water sohition for 1 to 3 days 


Preseivative 

Strength 
of pre- 

Plant 

Period 
of pres- 

Tem- 

perature 

Hytirocyanic 
acid Iter JOO g of 
rbint in— 

Hydro- 
cyanic 
acid re- 
covered 

.serx a* 
tive 

erva- 

tion 

of res- 
et' vat ion 

Stand- 

ard 

Test 

speci- 

men 


Percent 

2 

Prunus serotiwi 

Days 
' 3 

tysf. 

MiliP 
era ms 
131.8 

Milli- 
grams 
113.4 
100. 0 
24.3 

Percent 

Do 

2 


3 


131 8 

79.5 

91.7 

109.3 
100.0 

101.4 
100.0 

89.8 
100.0 

92.5 

89.9 
(!) 

23.3 
30.2 

36.4 

92.9 

])g 

2 

White Italian broomcorn 

1 

25 i 

20. 5 

Do 

4 

Hegar i - 

1. 

9 

17. 75 

19. 4 

72 4 

OliiGnsfi 

. 4 

P. serotina 

1 

S 37 

79 4 

Thymol 

4 

do - - 

1 

37 

79 4 

73. 4 

He'’coGe _ . 

8 

, do - - 

1 

[ 37 

25 

72.4 

72 4 

Aniline 

2 

White Italian broomcorn — 

3 1 

2(). 5 

23^8 

Do 

4 

P.serotmu 

i 3 ! 

25 

161 

161 

y)-Toliiicline - 

4 i 

. do 

3 ! 

■25 i 

161 

149 

Pyridine -- 

4 

do 

3 1 

! 25 1 

161 

144. 8 

Fcrnialdehyde 

Do 

4 

1 

Hegari. 

__ dc-_ 

1 ! 
1 j 

37 

37 

7. 56 
7. 56 

0) 

1. 76 
9. 7 

Hexamine 

1 

do-- 

2 

9 i 

32. 1 

22 

Do- 

1 

Spur feterita 

I 2 

(2) i 

9 i 

S 

Tyrosine - 

0.5 

Hegari 

(}) 1 

7.56 

7. 02 



i 

i 


J Not titratable. 

2 24 hours at 37® followed by 17 hours at 9®. 


It was thouglit worth while to determine whether very weak alkalies 
such as the organic bases — aniline, |)-toliiidine, and pyridine — might 
be effective in preventing the loss of hydrocyanic acid without inter- 
fering with cyanogenesis. It was found that these substances were 
effective as compared with inorganic alkalies and might be worthy of 
further investigation. All of them have the disadvantage that they 
distill with the hydrocyanic acid and may interfere in the titration. 

Formaldehyde, hexamine, and tyrosine were employed in some tests 
to determine whether the addition of these substances might not 
increase the quantity of hydrocyanic acid by actual phytosnythesis. 
Except in the test with tyrosine there was a great decrease of hydro- 
cyanic acid, and in the experiment in which 4 percent of formaldehyde 
was used so much of the aldehyde was present in the distillate that 
the reagent was immediately reduced to colloidal silver and no titra- 
tion could be made. In spite of the low’* temperature at which the 
hexamine mixtures were stored there was a considerable loss of hydro- 
cyanic acid, indicating a very direct effect of hexamine on cyanogenesis. 

ALCOHOL IN VARIOUS DILUTIONS 

The well-known fact that ethyl alcohol in the higher concentrations 
inhibits the action of enzymes raised a question whether the concen- 
tration effective for preserving cyanogenetic plants would not also 
inhibit the cyanogenesis to such an extent that this feature could not 
be overcome by subsequent handling of the samples. A series of 
experiments was conducted to determine (1) whether alcohol possesses 
sufficient preservative action to be useful, (2) in how low a concentra- 
tion alcohol might still be effective, (3) how long the preservative 
action continues, and (4) whether these properties difl*er with different 
species of plants. The alcohol used was U. S. P, grade ethanol, which 
was diluted with distilled water to the desired concentration. The 
samples were weighed into the standard jars, covered with 300 cc of 
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the diluted alcohol, and set aside at 25° C. for the time indicated. 
Three samples of fresh arrowgrass were preserved at Salina, Utah, and 
shipped by express to the laboratory and so were exposed to various 
temperatures incidental to transport across the country during August. 
The data, reported in table 8, show that alcohol is a good preservative 
for short periods in low concentrations and for the four species repre- 
sented by the plants studied. Table 9 contains a rearrangement of 
certain of these data to show the effect of different concentrations of 
alcohol with different species. In concentrations of 25 percent and 
lower alcohol gave good results. The higher concentrations used indi- 
cated some decrease of the cyanogenesis presumably by inhibition of 
enzyme action. 

Table 8. — Hydrocyanic acid recovered from fresh plants after storage with varying 
percentages of alcohcl for different periods 


Alcohol 

(per- 

cent) 

Plant 

Period 
of preser- 
vation 

Temper- 
ature of 

Hydrocyanic acid per 
100 g of plant in— 

Hydro- 

cyanic 

preser- 

vation 

Standard 

Test speci- 
men 

acid 

recovered 


Sudan srass 

Days 

3 

°C. 

25 

Milligrams 

116.6 

MiUkrams 

114.5 

Percent 
98. -2 

10 

Do 

6 

25 

116, 6 

114. 5 

98. 2 


Prunvs aerotina 

3 

25 

161 

168. 5 

104. 0 


/White Italian broomcorn . - 

4 

25 

35. 6 

1 33.5 

94. 1 


Do 

3 

25 

26.5 

24. 8 

93. fi 


Sudan grass 

3 

25 

116.6 

116. 6 

100. 0 


P. serotina 

3 

26 

161 

175 

108. 7 

15 1 

Do.i - 

7 

25 

116.6 

108. 6 

93. 1 


Arrowgrass 

6 

(2) 

163.8 

153. 4 

93. 6 


Hegari 

14 

25 

19.7 

21.3 

108, 1 


Do.i 

21 

25 

10 

9.2 

92. 0 


.Spur feterita - - 

7 

25 

20. 5 

28.0 

107. 9 


(Sudan grass - 

3 

25 

116. 6 

115.6 

, 99. 1 

20 

Do - - 

6 

25 

116.6 

113.4 

97, 2 

Spur feterita 

7 

25 

26.5 

27.6 

104. 1 


Do 

7 

25 

26.5 

28 

105. 7 

25 

Sudan grass 

P. serotina.^- - 

3 

25 

116.6 

108 

92.6 


3 

25 

131.8 

131.8 

100.0 


Do- - 

3 

25 

131. S 

1 140.4 

‘ 100.6 

50 

White Italian broomcorn 

3 

25 

26.5 

25. 4 

95. 8 

Sudan grass— 

3 

25 

116. 6 

i 98.2 

84, 2 


Arrowgrass 

6 

0) 

163.8 

! 142. 8 

87.2 


Do - 

6 

(2) 

163. 8 

144. 7 

88. 3 

95 

White Italian broomcorn 

3 

25 

26. 5 

1 14 

52.8 


P. serotina... - 

3 

25 

' 131. 8 

1 92 

69.8 


1 Frosted. ^ See footnote 1, table 1. 


Table 9. — Hydrocyanic acid recovered from fresh plants after storage in alcohol of 
varying strength for 3 to 7 days 


Alcoho] 

(percent) 

Hydrocyanic acid recovered from— 

White 

Italian 

broomcorn 

Spur 

feterita 

Sudan 

grass 

Prunus 

serotina 

1 

Arrowgrass i 

1 

10 

15 

20 

25 

50 

95 

Percent 

Percent 

Percent 
f 98.2 

1 98. 2 

100.0 

f 99.1 

1 97. 2 

92.6 

84.2 

Percent 

J 104,6 

/ 108.7 

1 ’93.1 

Percent 

} 93.6 

f 94. 1 
i 93. 6 

1 107. 9 

104. 1 

105. 7 


mo 

100. 6 

69.8 


87.2 

88.3 j 

95.8 

52.8 
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The question of the. length of time that alcohol might preserve these 
plants was studied with reference to the three most suitable concen- 
trations — 15, 20, and 25 percent. Although 10 percent alcohol had 
given good results for short periods it was discarded after one trial 
because of the fact that the moisture in the plant sample, approxi- 
mately 80 percent on the average, would seriously dilute 10-percent 
alcohol and the probability is that such a strength w'ould not preserve 
against bacterial decomposition. Comparison of the effects of 15-, 
20-, and 25-percent concentrations on fresh leaves of Spur feterita for 

10 weeks are shown in table 10. At the end of the first week there was 
a small increase in the quantity of hydrocyanic acid obtained as com- 
pared with the standard, which was obtained after 24 hours of incu- 
bation of the fresh plant in water at 37° C. The rise indicates that 
cyanogenesis continued for several days and that the 24-hour figure 
did not represent the true value for this sample. By the end of the 
second week the yield of hydrocyanic acid began to decrease and from 
then on there was a steady loss of hydrocyanic acid until the seventh 
or eighth week, when an equilibrium appeared to have been established 
after a loss of approximately 20 percent of the original hydrocyanic 
acid. Similar comparisons were made with white Italian broom- 
corn and Prunus serotina, the results of which are reported in tables 

11 and 12. 

Table 10. — Hydrocyanic acid recovered from fresh leaves of spur feterita after stor- 
age in alcohol of various strengths for different periods 


[Standard: 26.5 mg of hydrocyanic acid per 100 g of plant] 


Period of 
preservation 
(days) 

Hydrocyanic acid per 100 g of plant 
preserved in— 

j 

Period of 
preservation 
(days) 

Hydrocyanic acid per 100 g of plant 
preserved in— 

15-percent 

alcohol 

20-pereent 

alcohol 

25-percent 

alcohol 

15-perc8nt 

alcohol 

20-percent 

alcohol 

25-percent 

alcohol 

7 1 

Milligrams 
28.6 
26 
24.8 
24.4 1 

Milligrams 

27.6 

26 

25.4 

24.4 

Milligrams 

28.0 

27 

26 

24.4 

42 

Milligrams 

22.7 

21.6 

22.2 

Milligrams 
22.7 ' 
21.1 
22.2 

Milligrams 

23.3 

21.6 

21.1 

14 ■ 

56 

21-. J 

70 

28 ■— J 




Table 11. — Hydrocyanic acid recovered from white Italian hroomcorn after storage 
in 15- and 25-percent alcohols for different periods 

[Standard: 26.5 mg of hydrocyanic acid per 100 g of plant] 


Period of 
preservation 
(days) 

'' ,V ,, ■ ' 

Hydrocyanic 
acid per 100 g of 
plant preserved 
in— 

Period of 
preservation 
(days) 

Hydrocyanic 
acid per 100 g of 
plant preserved 
in— 

Period of 
preservation 
(days) 

Hydrocyanic 
acid per 100 g of 
plant preserved 
in— 

15-per- 

cent 

alcohol 

25-per- 

cent 

alcohol 

15-per- 

cent 

alcohol 

25- per- 
cent 
alcohol 

15-per- 

cent 

alcohol 

25-per- 

cent 

alcohol 

'' 

10 -.... 

Milli- 
grams 
22. 6 
19.4 
19.4 
20 
17.8 

Milli- 

Qrams 

45-.-----.. 

Milli- 

grams 

18.4 

18.4 

18.4 

17.8 

Milli- 

grams 

87 

Milli- 
grams 
16.7 
16.2 
14.3 
15. 9 

Milli- 

grams 

14 

17--..-- — 


52 


101 

24-..-.--....- 


59- 

17.3 

11.5 j 

, , 13. 2 
14 

31-.-- 

21.2 

73- — — — 

14:3 

38 
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Table 12 . — Hydrocyanic acid recovered from Prunua aerotina after atorage in alcohol 
of different atrengtha for different perioda 

[Standard; 161 mg Of hydrocyanic acid per 100 g of plant] 


Period of 
preservation 
(days) 

Hydrocyanic acid per 100 g of plant 
preserved in— 

Period of 
preservation 
(days) 

Hydrocyanic acid per 100 g of plant 
preserved in— 

10-percent 

alcohol 

15-percent 

alcohol 

20-percent 

alcohol 

10-pereent 
alcohol j 

15-perceiit 

alcohol 

20-percent 

alcohol 

?! 

Milligrams 

168.5 

Milligrams 

175 

Milligrams 

171.7 

13 

j 

Milligrams \ 
165.2 

Milligrams ' 
171.7 

Milllgravis 
169. 6 
163.1 

6 

166.8 

172.8 

170.6 

20 

155.5 1 

162 


From these experiments it appeared that the use of 20- and 25- 
percent alcohols offered no particular advantage over 15-percent, and 
this strength was adopted for short-time preservation of cyanogenetic 
plants. A series of experiments made with fresh Sudan grass and 
continued for 15 weeks is reported in the following tabulation. 
Here there was a continuous drop for 2 weeks, when the rate of decrease 
diminished and equilibrium was established after 7 weeks. At that 
time the samples had lost approximately 60 percent of their original 
hydrocyanic acid. 


Period of 
preserva- 
tion (days) 

Hydrocyanic 
acid per 100 g 
of plant 
(milligrams) 

Period of 
preserva- 
tion (days) 

Hydrocyanic 
acid per 100 g 
of plant 
(milligrams) 

0 

23.1 

49 

8.6 

7 

16.2 

63 

8.6 

14 

9.8 

77 

8.1 

21 

9.8 

91 

8.1 

28 

10.2 

105 

7.7 

35 

9.2 




It should be noted here that the sample had been collected in Colo- 
rado and mailed fresh to the laboratory, where it arrived in good 
condition, free from mold or decomposition but undoubtedly altered 
in certain respects. 

A sample of hegari which yielded 19.7 mg of hydrocyanic acid per 
100 g after 24 hours of incubation in water was preserved in 15-percent 
alcohol. After 2, 11, and 19 weeks specimens yielded 21.3, 13.3, 
and 13.8 mg of hydrocyanic acid per 100 g, respectively, or recoveries 
of 108.1, 67.5, and 70.1 percent. 

From the data presented it appears that although 15-percent al- 
cohol preserves samples for 7 to 10 days without serious loss, it can- 
not be depended on for longer periods. However, data subse- 
quently obtained show clearly that the figures for the hydrocyanic 
acid content of plants, obtained after incubation, even for as long as 
24 hours, are not necessarily accurate. Data obtained by the use of 
15-percent alcohol have a certain value for purposes of comparison 
but more than this cannot be expected of them. 

MERCURIC CHLORIDE 

It appeared very early in this investigation that if use could be 
made of the property of mercuric cMoride by which it reacts witii 
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cyanides to form nonionized mercuric cyanide, which is one of the 
most stable of all cyanides, loss of hydrocyanic acid in preserved 
samples could be prevented for long periods and a solution of the 
problem reached. Consideration of the use of this substance, how- 
ever, brought up a number of questions. Aside from the uncer- 
tainty whether mercuric cyanide would be stable in a mixture of plant 
constituents, the nature and action of many of wdiich are quite un- 
known, there arose the problem (1) whether mercuric chloride might 
not inactivate the enzymes of the plant and so prevent cyanogenesis, 
and (2) the quantitative recovery of hydrocyanic acid from the 
mixture after storage. Since mercuric cyanide is not very reactive 
and hydrocyanic acid is very labille, the choice of reagents and tech- 
nique available to liberate the acid was narrowly limited. 

Preservative Properties of Mercuric Chloride 

Experiments were made to determine wlietlieT mercuric chloride 
actually did have any preservative properties in these plant mix- 
tures. The general results are reported in table 13. Fresh plants 
were used when available, and except in two instances, 2 percent of 
the preservative was added in water solution and the sample was cus- 
tomarily diluted to 400 cc with water. It was stored at the indicated 
temperature for various periods and then analyzed. The standard 
chosen for comparison was determined as previously described and 
does not, of course, represent the absolute value for the hydrocyanic 
acid content of the specimen. With fresh plants those preserved 
with mercuric chloride showed a distinct increase in hydrocyanic 
acid recovered. Dried plants, however, after short periods of storage 
generally yielded smaller quantities of hydrocyanic acid, but on 
longer storage the quantity increased. It appeared that this effect 
was due to inhibition of the enzyme either by actual precipitation 
by the mercuric chloride or possibly by the increased hydrogendon 
concentration resulting from the hydrochloric acid liberated during 
the formation of mercuric cyanide. To test the latter possibility 
several experiments were made in which the mercuric chloride was 
treated with a molecular proportion of sodium citrate before addition 
to the plant. These buffered mixtures did not regularly increase the 
yield of hydrocyanic acid sufficiently to indicate that the hydrogen- 
ion concentration is the important factor in the inhibition. Prelimi- 
nary experiments in which enzyme was added, however, showed a 
definite and rapid response and further study of this process was 
indicated. It was thought possible that some method of accelerating 
the enzyme action might solve the problem. Guignard (15) and 
Mirande (16) have reported that cyanogenetic plants treated with 
chloroform and other anesthetics evolve hydrocyanic acid more 
rapidly than untreated plants. This appeared to be due to a possible 
acceleration of cyanogenesis. Accordingly chloroform was added to 
two samples of dried Johnson grass preserved with 2-percent mercuric 
chloride, and the mixtures were stored for 1 and 2 says at 37*^ C. 
The results indicated a retarding effect of the chloroform. The 
effects reported by Guignard and Mirande therefore appear to be due 
to some other mechanism. 
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Table 13 . — Hydrocyanic acid recovered from plants with mercuric chloride solutions 

for dif event 'periods 


Mer- 

curic 

chloride 

(per- 

cent) 

Plant 

i Condition of 

Period 

of 

Tem- 
pera- 
ture of 
preser- 
vatlm 

Hydrocyanic acid per 
100 g of plant in— - 

i Hy<lro- 
cyanic 
acid re- 
covered 

plant 

preser- 

vation 

i 

Standard ■ 

Test speci- 
men 

2 

Arrow grass. . 

Dried 

Days 

3 

° C. 

37 

Milligrams 
400.1 
158. 8 

MUligrnins 

387 

128 

20.3 

22 

Percent 

96. 7 
80. 6 

103. 0 
111.7 

111.7 

112.7 
96.3 

62.8 

106. 5 
45. 9 

9 

do-1 - 

do 

1 

37 

2 

Hecrari 

Fresh 


25 

19.7 

19.7 

2 i 

Ido 

do .. 

77 

25 

2 

do 

do ' 

133 

25 

19. 7 

22 

22.2 

2S3 

184.7 

313 

134.6 

2 1 

...do. 


133 

25 

19.7 ; 
294 

2 

Johnson grass. 

Dried 

13 

37 

2 2 . 

do 

do - 

Honrs \ 
4 

37 

294 

2 2 . 

do 

do 

Days 

2 

37 

294 

2 3 

do 

do— 

1 

37 

294 

2 3 

do 

do - 

2 

37 

294 

168.6 

57. 3 

2.. 

Prunus melanocawa. 

do 

I 

37 

215.3 

260.8 

121.1 

2 

_.do 

.....do 

f)2 1 

. 25 

178. 1 

196,6 

110. 4 
111.1 

108. 4 
104. 6 

2 

P. serotina.. 

Fresh 

112 ; 

25 

161 

178. 9 ; 
126.4 ! 
122.0 i 

2 

do - 

do 


25 

116.6 

4 

do - 

do 

7 

25 

116.6 i 

lo::.:-- 

do 

do 

28 j 

25 

116.6 i 

124. 2 

106.5 

2 

Spur feterita 

Fresh 

4 

37 

30.4 ' 

33.4 

! 109. 9 

2 ^ - - 

do 

do 

3 

37 

30. 4 

33.8 

^ 111.2 

2 1 

do 

do 

3 

37 

30. 4 

32.4 

106. 6 

2 1 

do 

do 


37 

30.4 

32. 8 

107. 9 


1 Treated with a molecular proportion of sodium citrate before addition to the plant. 

2 Enzj^me added. 

3 2 cc of chloroform added. 

Inhibition op Cyanogenesis by Mbrcubic Chloride 

A study of the comparative preservative efficiency of 15-percent 
alcohol and 2- and 4-percent mercuric chloride solutions fiirnished 
evidence of the inhibitory effect of the salt. Samples of a single 
collection of fresh Prunus serotina collected near the laboratory and 
passed through a food chopper were preserved in the three solutions 
and analyzed at intervals for 22 weeks. The results are reported in 
table 14 and plotted in figure 1. 

Table 14 . — Hydrocyanic acid recovered from fresh Prunus serotina leaves after 
storage in 15 percent alcohol and 2- and 4^percent mercuric chloride solutions for 
1 to 22 'weeks 


Period of 
preserva- 
tion 
(weeks) 

Hydrocyanic acid per 100 g of 
plant in— 

Period of 
perserva- 
tion 
(weeks) 

Hydrocyanic acid per 100 g of 
plant in— 

15-percent 

alcohol 

2-pereent 

mercuric 

chloride 

4-percent 

murcuric 

chloride 

15-percent 

alcohol 

2- percent 
mercuric 
chloride 

4-percent 

mercuric 

chloride 

1 

Milligrams 
108. 6 
106.9 

Milligrams 

126.4 

124. 2 

125.2 
126. 4 ’ 

Milligrams 

122 

119.9 

8— 

MUligrams 

Milligrams 
126.5 
127. 7 
132. 1 
133. 2 

Milligrams 

2 

10..— 

94. 4 

123.9 

128.4 

4 

15 .... 


100.4 

121.5 

22-. - ........ 

88. 7 
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The curves clearly show the excellence of the preservative action 
of the mercuric chloride as compared with 15-percent alcohol, and the 
inhibiting effect is indicated by the lower values obtained with 4- 
percent as compared with 2-percent mercuric chloride. The fact 
that in both cases there is a steady increase in hydrocyanic acid over 
the whole period after the first week indicates that the action of the 
bichloride is an inhibition rather than a destruction of the enzyme. 



Figure 1.— Hydrocyanic acid recovered from fresh cherry leaves {Primus serotina) preserved in 15-percent 
alcohol and 2- and 4'percent mercuric chloride solution. 


A similar effect was observed in a series of experiments in which 
dried Johnson grass was used. Samples weighing 25 g were mixed 
with water and with a 2~percent mercuric chloride solution, and to a 
few samples of each enzyme was added. All were stored at 37° C. 
and analyzed at intervals. The samples that were mixed with water 
only were withdrawn at 2-hour intervals during the first day and an- 
alyzed for hydrocyanic acid content; the rest of these samples and sam- 
ples that were mixed with mercuric chloride solution were withdrawn 
at longer intervals. The results are reported in table 15. Here the 
inhibitory effect of the bichloride is evident. When the plant was 
incubated with water alone the highest yield of hydrocyanic acid was 
obtained on the sixth day, whereas in the case of the bichloride the 
yield of hydrocyanic acid after 6 days was only 90.7 percent of that 
in water and the comparable yield was not obtained until the thir- 
teenth day. At the end of 24 hours, however, samples to which 
enzyme had been added yielded larger quantities of hydrocyanic acid 
than either of the other series, and at the end of 48 hours the sample 
preserved in mercuric chloride to which enzyme had been added 
yielded the largest quantity of hycrocyanic acid obtained in the entire 
experiment. 

The data for the samples mixed with water alone disclose a phenom- 
enon, observed regularly in studies of this kind, which consists in a 
decrease in quantity of hydrocyanic beginning after some 10 hours of 
incubation and continuing for a variable period of 6 to 12 hours, when 
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the yield again reaches the former level and continues to increase. 
This drop has been consistently noted with several cyanogenetic 
plants, and it is planned to make it the subject of investigation to 
determine the factors which are operating. 

Table If ). — liaie of formation of hydrocyanic acid in dried Johnson grass stored in 
water and in ^-percent mercuric chloride solution at 37° C. for different periods 


Ppriod of 
preservation 

Hydrocyanic acid per 100 g of plant 
preserved in— 

Period of 
preservation 

Hydrocyanic acid per 100 g of plant 
preserved in— 

Water 

Mercuric 

chloride 

Mercuric 

chloride 

and 

enzyme 

Water 

and 

enzyme 

Water 

Mercuric 

chloride 

Mercuric 

chloride 

and 

enzyme 

Water 

and 

enzjane 

Hours 

0 

Milli- 

grams 

123.1 

136. 6 
139.8 
150. 5 

156.6 

196.1 

181.4 

185.4 
184 

186.4 

188.4 

198.3 
' 205. 1 

210.4 
220.3 

Milli- 

grams 

Milli- 

grams 

Milli- 

grams 

Hours 

42 

Milli- 

grams 

214.9 

222.4 
262 

267.5 
273.8 
283.7 

278.6 

Milli- 

grams 

Milli- 

grams 

Milli- 

grams 

2 




Days 

2 1 

189. 7 

211.7 

232. 3 

258. 1 

257. 4 

265. 9 
267 
271.6 

272.9 

278. 2 

278. 9 
283 

313 


4 - 


143.6 

186 

6 

101.3 

8 



3 


10 




4 



12 




5.. 



14 




6 —.. 



16 




7 

18 

136.1 



8 - 



20 



9 




22 




10 




24 

154 

294. 1 

294.4 

11 




30 

12 




36 

169.6 



13 












The inhibiting effect of mercuric chloride is also shown in experi- 
ments with dried arrowgrass in which results obtained with storage of 
plants in water are compared with results from storage in 2-percent 
mercuric chloride. The data are reported in table 16. They show a 
retardation in the formation of hydrocyanic acid at periods between 
the sixth and eighteenth hours. The samples preserved in mercuric 
chloride did not reach quite as high a yield as those preserved with 
water alone at the end of the experiment, when the material was 
exhausted. 


Table 16 . — Rate of formation of hydrocyanic acid in dried arrowgrass stored in water 
and 3-percent mercuric chloride solution at 37° C. for different periods 


Period of preservation ; 
(hours) 

Hydrocyanic acid per 
100 g of plant pre- 
served in— 

Period of preservation 
(hours) 

Hydrocyanic acid per 
100 g of plant pre- 
served in— 

Water 

Mercuric 

chloride 

Water 

Mercuric 

chloride 

0 

Milligrams 

149. 7 

376.7 

382. 1 

385.2 
360,5 
391 

391 

' ■ 

Milligrams 

16- - 

Milligrams 
381.9 
393. 2 
400. 1 
399 

394. 4 

402.4 

MUligrams 

51 


■18,-- - 


4 ! 


20- — 


fi ■ " . ■ 


22 


in 


24 

■ 3SL8 
387. 9 

i . ■ '''BST' 

15 

378.3 

48--, ■ - 



14 

■ 72 . 

, 





83437—38—2 
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Since it was possible to obtain 313 mg of hydrocyanic acid per 100 g 
of Johnson grass by adding enzyme, whereas the use of water alone 
gave 283.7 mg as the highest, it is evident that eithey cyanogenesis was 
incomplete in the water solution or hydrocyanic acid was lost in some 
manner. If the latter be true it follows that the figures obtained in the 
analysis of cyanogenetic plant mixtures ^ with water represent the 
resultant of two processes: (1) the formation of hydrocyanic acid by 
cyanogenesis, and (2) the disappearance of hydrocyanic acid either by 
hydrolysis to ammonium formate or conversion into some other com- 
pound. The disappearance of hydrocyanic acid under circumstances 
in which loss by volatilization is excluded, as in closed systems, was 
illustrated in a series of determinations made on dried Sumac sorghum, 
in which weighed samples of plant were mixed with water, stored at 
37° C., and withdrawn at 2-liour intervals for 24 hours, omitting the 
8-hour determination. The samples were analyzed for hydrocyanic 
acid content immediately upon withdrawal. The results are reported 
in the following tabulation : 


Period of 
storage 
(hours) 

Hydrocyanic 
acid per 100 g 
of plant (mil* 
ligrams) 

Period of 
storage 
(hours) 

Hydrocyanic* 
acid per 100 g 
of plant (mil- 
ligrams) 

0 

83.2 

14 

74.5 

2 

78.8 

16 

71.3 

4 

77.8 

18 

67.4 

6 

77.8 

20 

65.8 

10 

73.4 

22 

59. 4 

12 

75.6 

24 

34. 6 


The loss of 58.4 percent may be considered to represent only a part 
of the actual loss of hydrocyanic acid in this case since it is not likely 
that the first figure, 83.2 mg, includes the total potential hydrocyanic 
acid present in the plant. The fact that such large losses can occur 
was confirmed with other specimens of dined sorghums. 

That this loss is not always apparent and that data obtained in simi- 
lar experiments may be misleading were indicated in a series of experi- 
ments conducted on a sample of dried {Prunus melanoearpa, in which 
25-g samples were stored with water and with 2-percent mercuric 
chloride solutions and analyzed at intervals for 24 hours. The 
results are reported in table 17 and are plotted in figure 2. The curve 
for hydrocyanic acid in the samples stored in water over the 24-hour 
period again exhibits a depression similar to that noted in the case of 
Johnson grass with a recovery and subsequent drop. The loss of 
hydrocyanic acid after 24 hours as shown by the data is only 5 percent, 
much less than was noted with Sumac sorghum. However, the curve 
for the portion of the sample preserved in mercuric chloride shows that 
the true value for the hydrocyanic acid content of the sample was at 
least 260.5 mg. There was, then, a loss of at least 45.2 mg, or 17.4 
percent, during the 24-hour period. Such considerations raise the 
serious question whether any hydrocyanic acid determination is 
reliable in which account of the possible loss of hydrocyanic acid 
during analysis has not been taken. 
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Figure 2 . 


12 

HOURS 

-Rate of formation of hydrocyanic acide from dried cherry leaves (Prunus melamcarpa) stored 
in water and in 2*percent mercuric chloride solution. 


Table 17. — Rate of formation of hydrocyanic acid in dried Primus melanocarya 
stored in water and in 2-percent mercuric chloride solution for different periods 


Period of 
storage 
(hours) 

Hydrocyanic acid 
per 100 g of plant 
preserved in— 

Period of 
storage 
(hours) 

Hydrocyanic acid 
per too g of plant 
preserved in— 

Period of 
storage 
(hours) 

Hydrocyanic acid 
per 100 g of plant 
preserved in— 

Water 

Mercuric 

chloride 

Water 

Mercuric 

chloride 

Water 

Mercuric 

chloride 

0 -- - 

Milli- 
grams 
215. 3 
211.6 
212.1 
210. 5 
211.1 

Milli- 

grams 

10 ---- --- 

Milli- 

grams 

207.8 

210.9 
211 
214.6 

Milli- 

grams 

18-.I. 

Milli- 
grams 
‘ 213. 2 
209. 5 
20.'). 5 

MVli- 
grn ms 

2 


12 - 

261. 6 

20. 

4 

24S.6 

14 

■22-...- 

6-. 

16 - - 

260.5 

21- 

205. 1 

1 

^ ■! 

’^260. 8 

8- — 

262.6 

1 




Period OF Effective Preservation BY Mercuric Chloride 

A number of experiments were made to determine how long; the 
hydrocyanic acid content of plants treated with merciiric chloricie 
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solutions m.ay be preserved. Samples of fresh plants were collected, 
minced in the usual way, thoroughly mixed, and weighed into preserv- 
ative jars, and immediately mixed with 1 percent of mercuric chloride 
in solution. At the same time, as controls, untreated samples were 
selected for determination of hydrocyanic acid. The preserved 
samples were stored at 25° C. and specimens were taken for analysis 
after various periods. Data for samples of Primus serotina leaves 
and of four varieties of sorghum are reported. The standard was 
determined by macerating the ground sample for 24 hours in water 
at 37° and then distilling. The results of representative e.xperiments 
are given in table 18. The figures show good preservation over a 
period of 6 months. In one instance the quantity of hydrocyanic 
acid recovered from a preserved sample was less than for the previous 
period of storage, but this result may have been due to an error of 
sampling. The uniformly higher figures obtained after 4 weeks of 
preservation as compared with the standard again emphasize the 
error in determinations made by the customary technique. 


Table 18 . — Hydrocyanic acid recovered from Pninus serotina and sorghum 
varieties after storage in 1-percent solutions of 'mercuric chloride for different 
periods 


Plant 

Hydrocyanic acid in 100 g of 
fresh plant in— 

Plant 

Hydrocyanic acid in 100 g of 
fresh, plant in— 

Stand- 

ard 

Test specimens stored 
for — 

Stand- 

ard 

Test specimens stored 
for— 

A 

weeks 

12 

weeks 

6 

months 

4 

weeks 

12 

weeks 

0 

months 

Chiltex 

Kansas Orange. . 

Prunus serotina. 

Milli- 
grams 
14.0 
15.3 
r 98.6 

1 112.1 

Milli- 
grams 
16. 3 
15.7 
111.7 
121.0 

Milli- 

grams 

114.0 

Milli- 
grams 
16.4 
15. 8 

Spur feterita. . J 
Sumac... 

! 

Milli- 
grams 
f 10.4 

1 26.3 
8.0 

Milli- 

grams 

1 L 6 
32. 3 
12. 0 

Milli- 
grams 
12. 5 
31. 3 
12.0 

Milli- 

grams 

12.7 

33.3 


Strength of Mercuric Chloride Necessary for Preservation 

The strength of mercuric chloride needed to insure preservation 
was the subject of several series of experiments with dried and fresh 
sorghums. Since preservation was found to exert a retarding effect 
on cyanogenesis, it is desirable to reduce the strength as much as 
possible without loss of preservative power. In the experiments 
different quantities of mercuric chloride were used and the storage 
periods were extended as long as the specimen material lasted. The 
results, reported in table 19, indicate that 1 percent, calculated on 
the weight of plant, is necessary for fresh plants. In the case of dried 
plants, 2 percent preserved reasonably well for 3 months, but after 
that time there was a considerable loss, indicating hat a higher 
percentage is required for dried sorghum. For dried cherry {Prunus 
melanocarpa) 2-percent mercuric chloride preserved satisfactorily for 
6 m.onths (table 20). 

Temperature of Storage in Mercuric Chloride 

Experiments conducted on dried samples of Prunus rnelanocarpa 
stored in mercuric chloride at 9®, 25°, and 37° C. indicated a small 
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advantage for those stored at 25°. These results are reported in 
table 20. A series of samples stored with water at 37° for comparison 
shows the great loss of hydrocyanic acid that occurs under these 
conditions. 

Table 19. — Hydrocyanic acid recovered from sorghums preserved with mercuric 
chloride at S7° C. in varying concentrations for diferent periods 


Plant 

Period of 
preservation 

Hydroc 

Water 

yanic ac 

0.25 

percent 

id per 10( 

Mei 

0.5 

percent 

g of pla 

euric chi 

0. 75 
percent 

nt preser 

oride 

1 per- 
cent 

ved in— 

2 per- 
cent 



Milli- 

Milli- 

Milli- 

Milli- 

Milli- 

Milli- 



grams 

grams 

grams 

1 rams 

gram 

grams 

Fresh hegari 

0 

11.7 






Do-I 

24 hours .. 

11.4 






Do 

2 weeks 


15.8 

15 5 

15. 6 

15. 8 


Do.- - - 

3 weeks 


17 

18. 1 

19. 4 

20. 8 


Do--- 

5 weeks 


15.5 

20.2 

18. 6 

2(1. 4 


Do - 

7 weeks 


13 

1 24. 2 

18 4 

25. 9 


Do 

9 weeks 



19 4 

19.8 

22. 5 


Dried hegari 

0 

32 





■ Do. 1 

24 hours -i 

31.8 






Do - 

4 weeks ’ 



54,8 


61. 8 

69. 7 

Do - - 

3 months 



44.4 


‘ 47. 9 

67.6 

Do - 

5 months 



30.6 


34.9 

55.3 

Do.2 - 

0 

30.7 





Do - 

24 hours - 

37. 1 






Do 

1 week 



63.8 


70. 2 

69. 4 

Do - 

2 weeks. 



61.2 


66. 8 

69. 9 

Do - 

3 weeks 



55. 6 


67. 3 

70. 1 

Do 

4 w'eeks 



54.3 


64.2 

70.2 

Dried Chiltex 

0 - 

51.3 






Do 

24 hours 

66.2 






Do 

4 weeks. 






82 . a 

Do 

3 months 






81.2 

Do 

5 months 






56.3 

Do. 3 _ _ _ _ _ _ 

0 

54. 1 






Do 

24 hours 

73.4 






Do - .. .. - 

1 week 






91. 75 

Do 

2 weeks 






92.7 

Do 

3 weeks. 






93.2 

Do 

4 weeks 






95 










1 End point obscured by darkening. 

2 Whole sample, finely ground. 

3 Finely ground; coarse fibers discarded. 


Table 20. — Hydrocyanic acid recovered from dried Primus melanocarpa after storage 
in ^-percent mercuric chloride solution at various temperatures for different periods 


Period of pres- 
ervation 

Hydrocyanic acid per 100 g of 
plant preserved in— 

Period of pres- 
ervation 

Hydrocyanic acid per 100 g of 
plant preserved in— 

Water * 
at37°C. 

2-percent mercuric 
chloride at— 

Water 
at 37°C. 

. 

2-pera»nt mercuric 
chloride at— 

9° C. 

■' 1 

25° C. 

37° C. 

9° C. 

25°, C. ' 

37° €.• 

n 

MUli- 
grams 
162.5 
178. 1 

Milh- 

grams 

Milli- 

grams 

It 

4 months 

Milli- 

grams 

84.9 

71.5 

61.7 

MUli- 

grams 

196.4 

199 

^mli^ 
grams 
201.8 
201.4 
/ 197.2 

Milli- 
grams 
196. 3 
190. 2 

24 bonrs 



1 

6 months- 

2 months-„__ 

194. 4 

197. 6 

196.6 

8 months 
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Recovery op Hydrocyanic Acid From: Mercuric Cyanide 

One of the most important problems connected with the mercuric 
chloride method of preservation was the quantitative recovery of 
hydrocyanic acid from the preserved samples. Two procedures have 
been reported and both were studied in the present investigation. 
Kiipp and Goy (22) suggested the use of potassium iodide to convert 
mercuric cyanide into mercuric iodide and hydrocyanic acid, and Roe 
(19) advocated the use of stannous chloride, which converts mercuric 
cyanide into calomel and hydrocyanic acid.^ Both reactions take place 
in slightly acid solution, the normal condition of these plant mixtures. 
Because of its stability and ease of application, potassium iodide was 
first used to free the hydrocyanic acid for analysis in this study. The 
results appeared to be satisfactory for the greater number of plants, 
but a serious difficulty arose with fresh sorghums. With these sam- 
ples a cloudy precipitate formed in the second and later fractions of the 
distillate, making titration impossible, and solid rnatter of a greenish- 
black color accumulated in the coils of the Friedrichs condensers used. 
It was impracticable to filter the precipitate from the distillates so 
that, although the greater portion of the hydrocyanic acid might be 
distilled into the first distillate and be determined without difficulty, it 
was not possible to estimate accurately the small fraction that dis- 
tilled later. 

Study of the interfering substances showed that the precipitate in 
the distillate consisted of mercuric iodide, and the deposit in the 
condensers proved to be a mixture of mercurous iodide and metallic 
mercury. The authors were unable to find a recorded observation of 
the volatility of mercurous iodide with steam. Distillation of a mix- 
ture of potassium iodide and calomel in water led to the formation of 
a similar deposit in the condenser and of mercuric iodide in the dis- 
tillate. It was concluded that mercurous iodide, distilling into the 
condenser, reacts with water to form mercury and mercuric iodide. 
The latter is washed into the receiver; the former remains with the 
excess of mercurous compound and may be seen with the aid of a 
lens in characteristic globules. The mercurous iodide may be dis- 
solved out with potassium iodide solution. 

Stannous chloride did not possess this disadvantage, although a 
minute quantity of mercury compound, presumably calomel, is 
carried over with the vapors and collects in the condenser as a black 
film visible after several distillations but in so small a quantity that 
it does not interfere with the accuracy of the determination or affect 
the titration in any manner. A series of parallel determinations, 
potassium iodide being used in one set and stannous chloride in the 
other, revealed the superiority of the latter as a reagent for the decom- 
position of mercuric cyanide. The data are reported in table 21, 
which shows the greater efficiency of stannous chloride except in the 
case of dried Johnson grass, in which that reagent was distinctly less 
efficient than potassium iodide. The reason for this discrepancy is 
not clear, 
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Table 21 . — Recovery of hydrocyanic acid from mercuric cyanide using potassium 
iodide and stannous chloride 


Plant 

Quantity of 
hydrocyanic 
acid per 100 g 
of plant liber- 
ated by the 
use of— 

Rela- 
tive 
effi- 
ciency 
of stan- 
nous 
chlo- 
ride to 
potas- 
sium 
iodide 

Plant 

1 

Quantity of 
jhydroeyanic 
acid per 100 g 
of plant liber- 
ated by the 
use of— * 

Rela- 
tive 
effi- 
ciency 
of stan- 
nous 
ehlo- 
lide to 
potas- 
sium 
iodide 

Potas- 
sium 
iodide ^ 

Stan- 
nous 
chlo- 
ride 2 

Potas- 
sium 
iodide ’ 

Stan- 
nous 
chlo- 
ride 2 


Milli- 

Milli- 



Milli- 

Millp 



grams 

grams 



grams 

grams 


Hegari 

3 15 

3 22 

1.47 

Feterita— 

23.8 

29 2 

1. 23 

Do-- 

13.6 

20.3 

1.49 

Prunus serotina^ 

132. 1 

133 9 

1.01 

Johnson grass 

100.6 

69.3 

.69 

Prunus melanocarpa . 

186. 0 

2(X). 7 

J L 08 

Do 

^ 106. 7 



Arrowgrass _ __ 

102. 8 

132. 0 

1 1.28 

Do 

135. 5 

100 

.73 




1 4 moles. 2 2 .I moles. 3 Buffered. ^ e moles. 

Recovery of hydrocyanic acid from potassium cyanide after treat- 
ment of the latter with mercuric chloride was studied with stannous 
chloride and potassium iodide as reagents. In one case ammonium 
chloride was added to the stannous chloride in proportion to form the 
double salt SnCl2. 2 NH4CI, in an effort to stabilize the tin compound. 
However, it was found that no advantage in stability was gained, 
although there was a slight advantage in recovery of hydrocyanic 
acid. The results are reported in table 22. With potassium iodide 
the efficiency of recovery was lower than with stannous chloride, and 
here again mercurous iodide distilled into the condenser and rendered 
the distillate turbid. 

The loss of hydrocyanic acid during these operations suggested that 
the substance might be decomposed in the distilling flask by hydro- 
chloric acid. A series of experiments was conducted to determine 
the effect of small quantities of vraious acids on known quantities of 
hydrocyanic acid under conditions similar to those obtaining in the 
analytical procedure. The acids, in solution, were added to cold 
solutions of potassium cyanide. In some cases the mixtures were 
immediately distilled. In others they were refluxed for from 1 to 2 
hours in closed systems, and then the hydrocyanic acid formed was 
distilled into an alkaline solution and titrated. The results are 
reported in table 23. 

These results indicate that in the ordinary course of analysis some 
of the hydrocyanic acid is decomposed during the process of distilla- 
tion and that the value obtained will be low. Bishop ( 6 ) reports losses 
ranging from 3 to 5 percent on distilling mixtures of potassium cyanide 
and dilute acids. Apparently the presence of mercuric chloride or 
its reaction products and of stannous chloride in the system does not 
seriously increase the loss from this source. 


104 


Vol. 57, No. 2 


Journal oj Agrkultural Remirch 


Table 22. — Recovery of hydrocyanic acid from mercuric cyanide by ihe use of various 

reagents 


Reagent 

Hydrocyanic acid 

Reagent 

Hydrocyanic acid 

Present 

Recovered 

Present 

Recovered 


Milli- 

Milli- 



Milli- 

Milli- 



grams 

grams 

Percent 


grams 

gnmis 

Percent 

Stannous am m o n i !i m 




Stiinnous chloride (ex- 




chloride (SnCl2.2NH4 




cess) 

240. 5 

235. 2 

97.8 

Cl) 

232.1 

229. 45 

98.9 

Potassium iodide (ex- 




Stannous chloride (1 




cess) 1 

240. 5 

228. 1 

94.8 

mole)_ - 

239.1 

233.6 

97 7 





Stannous chloride (2 








moles) 

239.1 

234. 7 

98.2 

1 





1 Distillate turbid. 


Table 23. — Recovery of hydrocyanic acid after heating nriih 0.5 percent of different 

acids 


Acid 

Time of 

Hydrocyanic acid 

distillation 

Present 

Recovered 

Lost 

Oxalic - 

Minutes 

45 

Milligrams 
59. 24 

Milligrarns 
57. 84 

Percent 

2. 37 

Oxalic (refluxed 1 hour) 

45 

59. 35 

40. 88 

31. 13 

Phosphoric. 

45 

59. 24 

55. 55 

6.23 

Sulphuric 

40 

59. 30 

55. 65 

6. 15 

Sulphuric (refluxed 1.5 hours) 

45 

59. 19 

41.58 

29. 76 

Tartaric (refluxed 2 hours) 

45 

59. 33 

40. 88 

31. 10 

Do 

40 

59. 31 

55.44 

6. 52 



SUMMARY AND CONCLUSIONS 

Fresh cyanogenetic plants stored at ordinary temperatures without 
preservatives lost 13 to 83 percent of their hydrocyanic acid in 1 to 6 
days. 

When stored at refrigei-ator temperatures for 1 to 5 days, fresh spur 
feterita yielded as much hydrocyanic acid as before storage, but from 
one-third to one-half less than was obtained by 24-hour maceration of 
nonrefrigerated plants. Maceration of refrigerated plants leads to 
great loss of hydrocyanic acid. 

When fresh plants were stored in water with the addition of cliloro- 
form, with or without added alcoholic potassium hydroxide or water, 
losses up to 67 percent occurred in all but two samples. With hegari 
chloroforni was effective as a preservative for 4 days in one sample. 

Tests with acid solutions usually resulted in rapid loss of hydro- 
cyanic acid. Salicylic acid preserved most effectively of the acids 
tested. 

Tests with alkaline solutions resulted in losses of from 32 to 96 per- 
cent. Organic bases, such as aniline, j;-toluidine, and pyridine, were 
more effective. The losses noted in alkaline solut ons appear to be 
due to destruction of hydrocyanic acid rather than to inhibition of 
cyanogenesis. 

Alcohol in concentrations of 10, 15, 20, and 25 percent preserved 
for 3 to 7 days with losses up to 8 percent. After a week the losses 
were larger until, after 7 to 8 weeks, 20 percent of the hydrocyanie 
acid had been lost. Alcoholic preservation cannot be relied on to 
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develop the maximum yield of hydrocyanic acid potential in the 
plant. Alcohol in concentrations of 50 and 95 percent inhibited 
cyanogenesis. 

Mercuric chloride in water solution proved to be an excellent pre- 
servative when used in the proportion of 1 percent by weight for 
fresh plant. Specimens so preserved and stored for 6 months have 
shown no loss of hydrocyanic acid. Lower concentrations of mercuric 
chloride either did not preserve or led to variable results. A concentra- 
tion of 2-percent mercuric chloride preserved dried plants reasonably 
well for 3 months. With dried^ sorghums and for longer periods, a 
higher, undetermined concentration would be required. 

Plants preserved with mercuric chloride generally yielded more 
hydrocyanic acid than when not so preserved except in certain cases 
in which the experiments may have been terminated before the 
maximum yield of hydrocyanic acid was obtained. 

In the concentrations used mercuric chloride retarded but did not 
stop enzyme action in cyanogenetic plants. Buffering did not counter- 
act this effect and the addition of chloroform did not accelerate enzy- 
molysis. The addition of enzyme greatly accelerated the rate of 
hydrocyanic acid formation in the presence of mercuric chloride. 

The rate of formation of hydrocyanic acid in cyanogenetic plants 
is not uniform. A drop in hydrocyanic acid yield begins about 8 to 
10 hours and continues for several hours before the yield again reaches 
the level observed after the first 8 hours. The period that elapses 
between the beginning and recovery lasts for 10 to 12 hours. Tins 
phenomenon is very characteristic and has been noted in all the 
plants studied. 

The figure for the hydrocyanic acid content of plants determined 
after maceration with water or diluted alcohol is the resultant of two 
processes— cyanogenesis and conversion of freed hydrocyanic acid into 
other compounds, often referred to as destruction of hydrocyanic 
acid. The value obtained may be considerably below the true figure. 

Large quantities of hydrocyanic acid are converted into other 
compounds when hydrocyanic acid is heated with very dilute acids. 
This results in an unavoidable error in the determination of hydro- 
cyanic acid in plants. 

The optimum temperature for storage of samples preserved with 
mercuric chloride solution, as between a refrigerator at 9° C., the 
laboratory at 25°, and an incubator at 37°, was found to be 25°. 

An analytical technique for recovering hydrocyanic acid from sam- 
ples preserved with mercuric chloride was developed. To liberate 
hydrocyanic acid from mercuric cyanide, stannuous chloride was 
found to be preferable to potassium iodide except in one instance. 

Mercurous iodide appears to be volatile with steam and deposits in 
condensers where it reacts with water to form mercuric iodide and 
metallic mercury. The mercuric iodide may render distillates turbid 
and interfere with the end point in titration. 
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RELATION OF ATMOSPHERIC CONDITIONS TO ENLARGE- 
MENT RATE AND PERIODICITY OP WINESAP APPLES ‘ 

By 0. P. Hablby, -physiologist, and M. P. Masure, junior physiologist. Division 
of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, United 
States Department of Agriculture 

INTRODUCTION 

Since the early demonstrations of periodicity in plant growth by 
Sachs (20),^ in 1874, many investigators have studied this phenomenon 
in various species of plants but comparatively few have directed their 
attention to tree fruits and vegetables. It was observed by Mac- 
Millan (18) that the enlargement of the potato tuber over a 24-hour 
period was not continuous but rhythmic and that the growth-rate 
maxima were followed by periods of slower growth or by complete 
cessation of enlargement. MacMillan believed that this periodic 
growth of the tuber was influenced by the periodic growth of the aerial 
portions of the plant. D. F. Fisher,^ in 1920, obtained continuous 
measurements of the diameter increase of apples over 24~hour periods, 
and from his studies concluded that during the summer the enlarge- 
ment of apples takes place mainly^ at night. 

In recent years the rate of fruit enlargement has been used as an 
index of tree response to various factors aflFecting tree growth and 
behavior. Furr and Magness (12), working with apples, Aldrich 
and Work (1) with pears, Hendrickson and Veilimeyer (16) and 
Cullinan and Weinberger (9) vith peaches, and many others have 
studied response to soil-moisture variations by measuring the circum- 
ference of the fruits at frequent intervals during the growing season. 
Aldrich and Work (1) also included in their study the influence of 
evaporating power of the air on growth of pears by noting the differ- 
ence in circumference growth of fruit during periods of high and low 
eva.poratmg power. 

The value of such fruit measurements as an aid in interpreting en- 
vironmental influences in the field is quite evident, and they probably 
will be employed to an even greater extent in the future than they 
have been in the past. In these researches some consideration has 
been given to the periodicity of fruit enlargement by taking fruit 
measurements at a specified time of day. Any error resulting from 
periodic fluctuations in rate of growth would probably be small if 
the intervals between measurements were 2 days or more. How- 
ever, it is quite desirable in some studies to take daily measurements, 
in which case periodicity might become quite important. 

The present study was undertaken to determine the daily enlarge- 
ment rate and periodicity in growth of Winesap apples in the Wenat- 
chee Valley, Wash., and the effect, if any, of atmospheric influences. 
One objective of the experiment has been the possible application of 
these :&).dings to other fruit-growth studies now contemplated. 

1 Received for publication October 1, 1937; issued August 1938, 

2 Italic numbers in parentheses refer to Literature Cited, p. 123. 

3 Unpublished data in possession of writers, 1920. 
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METHODS AND MATERIALS 

To estimate the rate of fruit growth during relatively short inter- 
vals, an apparatus was desired which would give a continuous record 
and which would be sufficiently sensitive to measure small changes 
in enlargement. An instrument was finally devised which fulfilled 
both of these requirements. Two of these instruments were used 
in the orchard to record fruit growth during the last 3 months of the 
1936 growing season at Wenatchee, Wash.^ The apparatus was set 
up by encircling an apple at its greatest circumference with a strip 
of brass tape 0.051 mm thick, 5 mm wide, and 30 cm long. One end 
of this tape was widened and slotted to permit the other end to pass 
through. The narrow end was held in a fixed position and the 
broad slotted end attached to a modified hygrograph assembly. 
A standard hygro thermograph clock with weekly charts was used to 
register the movement of the pen arm. ^ Expansion of the apple 
caused the tape to pull against the magnification levers of the pen 
arm, and the enlargement was thus recorded. A piece of lJ4-hich 
angle iron 20 inches long, bolted to the bottoin of the case, afforded a 
base for clamps and also served to increase the rigidity of the assembly. 
The apple under observation was held by a large light-spring clamp, 
the jaws of which were cushioned with soft rubber tubing. It was 
found necessary to hold the apple rather firmly but without restricting 
growth. 

The instruments were placed under the tree on a table that was 
set securely in place and staked to the ground. The main branch 
bearing the apples was solidly braced, and the smaller limbs were 
carefully held in position with clamps padded with cotton. It was 
essential, of course, to minimize movements of the branches by wind 
or other agencies in order to prevent transmission of such disturbances 
to the recording pen. No difficulty was experienced from this source 
in the present study. The apparatus as it appeared in the orchard 
is shown in figure 1 . 

Certain inherent errors, obviously present in studies of this char- 
acter where physical methods are employed, may in some cases 
seriously limit the field of adaptability. In the present study, for 
example, it seemed necessary to determine and take into consideration 
the variations that might arise from the effect of temperature changes 
on the recording mechanism. The thin metal tape encircling the 
apple was found to have a coefficient of thermal expansion of 20X 10"®. 
The instruments were standardized both in the laboratory and in 
the field by substituting a porcelain sphere for the apple and noting 
corrections necessary for temperature fluctuations. This sphere had 
a coefficient of expansion so low that it was considered negligible. 
Within the range of temperatures prevailing in this experiment, cor- 
rections for thermal expansion did not materially change the values 
on the original chart. 

A limitation of a more serious nature became evident as the study 
progressed. The pressure of the tape on the apple, exerted by the 
small springs in the connected lever mechanism, although very light, 
appeared to retard fruit enlargement slightly. To correct for this 
apparent error, each time the chart was changed the calibration of 
the instrunaent was checked by measuring the apple with a hand 
cape. This tape was graduated to millimeters but with care could 
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be read to one-half millimeter. To further check the relative growth 
rate, 25 apples on the same tree, selected for uniformity of size, were 
measured daily with the tape. It was found that the average daily 
enlargement of these apples followed closely that of the apple in 
the instrument. The apparatus proved quite sensitive to changes 


Figure 1 —Apparatus used for obtaining a continuous record of growth of apple fruit on tne tree: /i, 
Clampsholding branches; B, apple in position, encircled by brass tape attached to recording mechanism. 

in fruit enlargement. A space equivalent to on the 1072“P 
thermograph chart used represented an average volume increase in 
the apple of from 0.05 to 0.10 cc, depending on the calibrations of the 
instrument. In the conversion of circumference ineasurements to 
volume, the apple wms assumed to be a sphere. 
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The experiment was carried on from July 20, after extension growth 
had ceased, until harvest on October 11. With the aid of the instru- 
ments a continuous record of fruit growth was obtained during this 
period. Atmospheric temperatures were recorded simultaneously on 
the same chart. The relative evaporating powder of the air was esti- 
mated by the use of standardized white atmometers. One atmome- 
ter was read at 4-hour intervals beginning at 8 a. m. and ending at 
8 p. m.; the other was read daily at 4 p. m. Air movement was 
measured by means of a small fan-type anemometer, mounted with a 
V-type vane and balanced on an enclosed ball bearing. Its response 
to slight changes in wind direction was rapid and positive. Anemom- 
eter and atmometer readings were taken at the same time. 

The trees on which the experiment was performed were large, 
vigorous Winesaps about 30 years of age, carrying a heavy load of 
fruit. They were growing in a deep, moderately light clay-loam soil 
with excellent drainage. The soil was irrigated freqxiently to insure a 
high moisture supply at all times. The moisture percentages at tlmee 
soil horizons, with their respective wilting percentages and dates of 
irrigation, are given in table 1. 


Table 1. — Soil-moisture deteryniuations on experimental plot for study of relation 
of growth of Wimsap apples to evaporating power of the air, air 'movement, and 
atmospheric temperature, 19S6 ^ 



Moisture in soil horizon 2 


Moisture in soil horizon 2 

Sampling date 

1 and 2 
feet 

3 and 4 
feet 

5 and 6 
feet 

Sampling date 

1 a*, id 2 
feet 

3 and 4 
feet 

6 and 6 
feet 

July 28 

Percent 

19.2 

Percent 
12. 5. 

Percent 

9. 5 

Aug. 29- -- 

Percent 
19. 3 

Percent 
13. 5 

Percent 

12.2 

Aug. 1 

13.8 

11.0 

13.2 

Sept. 2 - 

12.2 

10.5 

4 

16.4 

9.6 

12.8 


17.6 

11.7 

9.5 

8 

18. 5 

12.9 

14.8 

11. 

14.9 I 

12.7 

14.4 

12 

19.8 

11.6 

11.7 

18 

17.7 

12.9 

11.8 

9.5 

17 

16.0 

12.2 

10.3 

23. . 

13.9 

10. 2 

21 

15.2 

12.1 

11. 1 

28 

16. 8 
13.9 

12.5 1 

11. 0 

25 

14.1 

11.5 

10.4 

Oct. 5 

10.2 

11.0 





1 Irrigations: July 24-27; Aug. 5-7, 26-28; and Sept. 15-17. 

2 Wilting points, from laboratory determinations with sunflower plants: 1 and 2 feet, 7.8 percent; 3 and 
4 feet, 6.1 percent; 5 and 6 feet, 5.5 percent. 


EXPERIMENTAL RESULTS 

Examination of the chart records gave early indications of a definite 
daily periodicity in the enlargement of apples. The rhythm of growTh 
from day to day, however, was not always uniform, nor did it renaain 
the same throughout the season. During the first 4-week period, 
July 20 to August 16, on clear, bright days, enlargement of the fruit 
took place almost entirely between 7 p. m, and 10 a. m., the maximum 
rate occurring between midnight and 2 a. m. This is illustrated by 
figure 2, which shows that on August 4, 5, and 6 the apples made no 
perceptible growth between 10 a. m. and 7 p. m.; in fact, the August 6 
record indicates very slight shrinkage of the fruit between 3 and 7 
p. m. This shrinkage usually was found to occur on days when the 
evaporating power of the air was relatively high. The loss of water 
from white atmometers on August 4, 5, and 6 was 26.3, 36.9, and 63.8 g, 
respectively. Corresponding volume increases of the fruit were 
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2.03, 1.68, and 1.52 cc. Although the maximum temperatm'es for 
August 4 and 5 were considerably higher than that of August 6, the 
evaporating power of the air was lower, indicating that high evaporat- 
ing power of the air exerts a greater retarding influence on fruit 
growth than high temperatures alone, although the two are often 
closely associated. Reference is also made to table 1, mdicating that 
the soil rnoisture was not limiting at this time. Water was applied 
to the soil from August 5 to 7. The fact that the enlargement rate 
of the fruit was greater before than during irrigation suggests that in 
thi s experiment reduction in growth was caused by factors other than 
lack of available soil moisture. 

The August 2 growth curve, wliich is characteristic of fruit enlarge- 
ment on days of extremely low evaporating power, is shown in flgure 3. 



Figure 2.~Fruit-growtli chart showing periodicity in time and rate of growth of an apple on August 4, 6, 
and 6. The growth curve is the light line taking a course toward the bottom of the chart. Temperatures 
are shown by the heavy line. For hours of growth, read bottom; for hours of temperature, read top, 
deducting 2 hours. 

There was little perceptible air movement throughout the day^ and 
the 24-hour water loss from white atmometers was only 18.9 g; the 
volume increase of the fruit was 2.22 cc. As shown on the chart, 
fruit enlargement was continuous throughout the 24 hours under these 
conditions, although the rate was somewhat less during the day than 
it was at night. 

As the season progressed it became quite evident that a change was 
taking place in the diurnal periodic cycle of growth. In the second 
4 weeks of the experiment, August 17 to September 13, the average 
growth rate and the total amount of growth per day were less than 
in the previous 4 weeks, and the apples tended to make a slightly 
greater percentage of their growth during the daylight hours. A 
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typical curve from the instrument chart illustrating growth during 
tins period is given for August 20 and 21 in figure 4. 

Figure 5 shows the growth curves for September 23 and 24, which 
characterize in general the daily periodicity for the third 4-week 
period, September 14 to October 11. It is readily observed that the 
total growth on these days is considerably less than is shown in 
figures 2, 3, and 4, and also that a different periodicity is exhibited 
The period of most rapid enlargement occurred during the morning 
daylight hours, reaching a inaximum between 10 a. m. and 12 noom 
In general, during the entire 4 weeks there was a tendency to show- 
some enlargement throughout the 24 hours; however, a fairly well- 
established minimum prevailed from 4 p. m. to 12 midnight. The 
average total gi’owth is considerably less than tliat of the two previous 
periods. 

AUGUST 


RDAY.-^ ^ SUNDAY—^ 



P.M. A.M. P. M. A.M. 


Eiguee 3.~-Fruit-growth chart showing periodicity in time and rate of growth of an apple on August 1 
and 2. The growth curve is the light line, and temperatures are shown by the heavy line, . For hours 
of growth, read bottom; for hours of temperature, read top, deducting 2 hours. 

Variations in average diurnal rate of enlargement of apples in each 
of the three seasonal divisions are diagrammatically siiininarized in 
figure 6. These divisions or periods were arbitrarily selected to demon- 
strate best the periodic drift over the 3 months’ duration of growth. 
Rate of growth is given in terms of volume increase in cubic centi- 
meters, at 2-hour intervals. The average enlargements per day for 
the three periods are as follows: July 20 to August 16, 1.89 cc; August 
17 to September 13, 1.66 cc; September 14 to October 11, 1.16 cc. 

Perhaps the most striking feature of these curves is the shift in 
time and magnitude of the growth climacterics as the fruit advances 
toward maturity. The greatest contrasts are found between the first 
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AUGUST 



IFiGURE 4.-“Fruit-growth, chart showing periodicity in time and rate of growdh of an apple on August 19, 
20, and 21. The growth curve is the light line, and temperatures are shown by the heavy line. For 
hours of growth, read bottom; for hours of temperature, read top, deducting 2 hours. 


SEPTEMBER 



Figure 5.-- Fruit-growth chart showing periodicity in time and rate of growth of an apple on September 23 
and 24. The growth curve is the light line, and temperatures are shown by the heavy line, h or hours ot 

growth, read bottom; for hours of temperature, read top, deducting 2 hours. 
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and third periods. For e-xample, rapid enlargement in the first period 
takes place within the same hours as does minimum enlargenaent in 
the third. Likewise, the hours of maximum growth in the third 
period occur within the time range of minimum growth in the first. 

A relationship perhaps worthy of special emphasis is indicated on 
this chart (fig. 6). Throughout the 24 hours only two points on each 
of the three curves coincide in showing both a uniform and a minimum 
growth. These are found at 4 and 6 p. m. and represent the average 
lowest rates of enlargement over the three periods. This time period 
may therefore be considered as having a rather well-established 
■miniTTuim growth rate for this portion of the growing season and 
might be designated as the “mean diurnal minimum.” 

The average seasonal enlargement of the 25 hand-measured apples 
used as a check on the apple in the instrument is shown in figure,?. 



4 6 8 10 12 2 4 6 8 10 12 2 4 

P.M. MT. A.M. M. PM. 


Figure 6.— Average diurnal enlargement rate of Winesap apples during the 1936 season, showing change in 
daily periodicity for three consecutive periods. 

This curve shows a departure from straight-line growth early in 
September, when a decline of approximately 22 percent took place. 
This deviation from a uniform enlargement may be characteristic of 
late varieties such as Winesap. Oldenburg (12), an early-maturing 
variety, did not show this change in growth up to the time of harvest. 

Attention is again directed to the effect of evaporating power of 
the air on the daily growth rate and periodicity of fruit enlargement, 
as mentioned above and as illustrated in figures 2 and 3. In table 2 
the average daily enlargement of fruit, mean temperature, and air 
movement, occurring with diflferent rates of evaporating power of the 
air, are given for the three 4-week periods in 1936. In preparing this 
table the days of each period were arbitrarily divided into four groups 
according to the evaporating power of the air, and each day^s growth, 
mean ternperature, and air movement were placed in their respective 
evaporation groups and averaged. A very; definite negative correla- 
tion can be seen between average daily fruit growth and evaporating 
power of the air. Of the factors studied, including evaporating power, 
air movement is apparently an especially important one and follows 
closely the same relationship to growth in the last two periods but not 
in the first. The deduction, therefore, is that in this experiment air 
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22 t 1121 31 10 20 30 1020 

JULY AUG. S EPT. OCT. 

FiGXJEE 7.— Average seasonal enlargement of 25 Winesap apples obtained from hand-tape measurements. 


Table 2. — Relation of average daily enlargement of Winesap apples^ air 7novement^ 
and mean temperature, to four levels of evaporating power of the air, 19S6 


Evaporating power of air 
(grams H 2 O per day) 

First period (July 20 to 
Aug. 16) 

Second period (Aug. 17 
to Sept. 13) 

Third period (Sept. 14 
to Oct. 11) 

En- 
large- 
ment 
of fruit 
per day 

Linear 

air 

move- 
ment 
per day 

Mean 

temper- 

ature 

En- 
large- 
ment 
of fruit 
per day 

Linear 

air 

move- 
ment 
per day 

Mean 

temper- 

ature 

En- 
large- 
ment 
of fruit 
perday 

Linear 

air 

move- 

ment 

perday 

Mean 

temper- 

ature 


Cc 

Feet^ 

0 F. 

Cc 

Feet 1 

® F. 

Cc 

Feet J 

° F. 

4.{) flJinyA 

1. 79 

207 

76.4 

1.42 

212 

66.1 




30 to 40...- 

1. 99 

104 

72.6 

! 1.49 

‘ 148 

63.8 

0.83 

165 i 

61.7 

20 to 30 

2.15 

39 

74.7 

[ 1.77 

41 

65.3 

1. 17 

114 1 

59.0 

Less than 20 




1 1.93 

59 

61.3 

1.23 

43 i 

54.1 


1 In thousands. 


movement was probably the dominating factor of those affecting the 
daily enlargement rate of apples. The correlation coefficients for 
fruit enlargement, evaporating power of the air, air 'movement, and 
temperature are shown in table 3 . 

The possible association of atmospheric influences with daily peri- 
odicity of fruit enlargement is indicated in table 4. Here the 24-hour 
day is divided into four intervals, and corresponding average hourly 
growth rates, mean temperatures, evaporating power of the air, and 
air movements are given for comparison. Examination of these data 
reveals that, with the exception of the 4 p. m, to 8 a. m, interval in the 
third period, the hours of relatively high growth rate are invariably 
associated with either low evaporating power of the air or low ah 
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movement, or both; converse^, hours of low growth are associated 
with either high evaporating power or increased air movement, or 
both. This indicates a relationship between growth rate and evap- 
orating power for divisions of the day similar to that between average 
total daily growdh and evaporating power as shown in tables 2 and 3. 
It is rather significant that the lowest fruit-growth rates occur between 
12 noon and 8 p. m., and that the highest evaporating powers of the 
air and ah movements also occur during this time. The fact that the 
greatest movement of air takes place in the latter half of this period, 
between 4 p. m. and 8 p. m., is noteworthy, for it is within these 
hours that the mean diurnal minimum evaporation is found. 


Table 3. — Correlation coefficients for fruit enlargement, evaporating power of air, 
air movement, and temperature {from data m table if) 


Item 

Evaporating power 
of air 

Air movement 

Temperature 


r 

pi 

r 

pi 

r 

pi 

Fruit enlargement 

Evaporating power of the air_ 

-0 . 95 

<0. 01 

■^0. 91 
+.97 

i 

1 <0.01 
<.01 

-0.76 
+.05 ^ 

0.01 

.03 


1 Fisher’s ‘^probability" (z test used) (11). 


Table 4. — Relation of average hourly enlargement of Winesap apples, evaporating 
power of the air, air movement, and mean temperature, to four time periods of 
24-hour day, 1936 


Time intervals 

First period (July 20 to 
Aug- 16) 

1 

Second period (Aug. 17 to 
Sept. 13) 

Third period (Sept. 14 to 
Oct. 11) 

En- 
large- 
ment 
of fruit 
per 
hour 

Evap- 
orating 
power 
of air 

(H 2 O 

per 

hour) 

Linear 

air 

move- 

ment- 

per 

hour 

Mean 

tem- 

pera- 

ture 

En- 
large- 
ment 
of fruit 
per 
hour 

Evap- 
orating! 
power 
of air 
(H 2 O I 
per 
hour) 

Linear 

air 

move- 

ment- 

per 

hour 

M!ean 

tem- 

pera- 

ture 

En- 
large- 
ment 
of fruit 
per 
hour 

Evap- 
orating 
power 
of air 
(H 2 O 
per 
hour) 

Linear 

air 

move- 

ment- 

per 

hour 

Mean 

tem- 

pera- 

ture 


Cc 

Grams 

Feet 

° F. 

Cc 

Grams 

Feet 

° P. 

Cc 

Grams 

Feet 

° F. 

8 a. m. to 12 m.. 

0. 038 

2.48 

6,500 

81.0 

0. 063 

1. 82 

5, 300 

71. 0 

0. 097 

1. 00 

2,700 

65. 3 

12 m. to 4 p. m_.. 

.005 

3.08 

5,900 

1 86.4 

.018 

I 2.50 

7, 000 

76. 9 

. 038 

2. 20 

5,300 

70.1 

4 to 8 p. m_ 

.021 

2. 32 

7, 300 

i 81.1 

.018 

1.75 

7, 500 

67.4 

. 021 

1.20 

6, 400 

58.9 

8 p. m. to 8 a. m. 

.136 

.82 

4, 200 

65.8 

.105 

.43 

2,700 

55. 5 

.045 

: . 13 

1, 100 

47.9 


Average temperatures throughout the 24-hoiir day for each of the 
three periods of the experiment are shown in figure 8. Approximate 
hours and temperatures of maximum and minimum rate of fruit 
enlargement are also indicated. That temperature may be a factor 
in the changes in seasonal periodicity is evidenced by this chart. It 
appears significant that the hours of maximum fruit growth in all 
periods occur within the 50® to 75® F, range regardless of the hour 
of day or night when this high growth rate occurs. The possible rela- 
tion of temperature to hours of minimum growth, is not so apparent, 
however. On the curve for July 20 to August 16, minimum enlarge- 
ment rate is associated with temperatures well above 80®. From 
August 17 to September 13, or during the second period, the minimum 
rate broke into temperatures occurring at the time of maximum growth 
in the j&rst period ; while in the final period, September 14 to October 
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11, both maximum- and minimum-growth hours fell largely wi thin 
the same temperature limits. This does not necessarily sliow that 
low temperatures may not retard fruit enlargement, for in figure 6 
the curve representing the period from September 14 to October 11 
clearly indicates a retardation in rate of growth during the night and 
early morning hours when temperature is comparatively low, espe- 
cially between 4 and 6 a. m. Data from this experiment, however, 
give no evidence that temperature alone has any pronounced effect 
on the mean diurnal minimum. 



A.M. M. r.il. MT. AAI. 

Figure 8. — Average atmospheric temperatures through 24-hour day during 1936 season, and approximate 
hours of maximum and minimum fruit-enlargement rate for three consecutive periods. 

Temperature relationships, in contrast with evaporating power and 
air movement, seem again to be uncertain, and it appears that within 
the temperature limits of tliis experiment high temperature exerts an 
indirect effect on growth of fruit through increasing the evaporating 
power of the air. That low temperatures may directly limit growth 
is evidenced in the third period from 8 p. m. to 8 a. m. (table 4). 
This was the only time during the^ experimental season that niaxi- 
,mum growth was not associated with minimum evaporating power 
and air movement. It was also the only time that the average 
temperature fell below the optimum growth range of 50® to 75® F. 
(fig. 8). Apparently, then, temperature below a certain range is a 
limiting factor in fruit enlargement, and this may account for the shift 
in the hours of maximum enlargement in the third period as com- 
pared with the first and second (fig. 6). 
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DISCUSSION 

The results reported in this paper are too limited to eiiahle one to 
generalize with much confidence on the many processes involved in 
plant periodicity, but they do point to a few environmental factors 
that seem to be of importance in regulating the periodic enlargement 
of apples. In this investigation, evidence presented indicates that 
time and relative rate of fruit enlargement are closely associated 
with atmospheric conditions, Aldrich and Work (1) found that 
pears showed a reduced growth rate during days of high transpira- 
tion, when soil moisture was highly available. Data from the present 
experiment (figs. 2 and 3; table 2) substantiate these findings and in 
addition to this reduction of total daily growth by high evaporation 
show a definite association between the hours of the day when the 
evaporating power of the air was highest and the rate of growth of 
the fruit was lowest (table 4). 

If one considers that enlargement of apples depends on the transport 
of water and elaborated substances to the fruit from other portions 
of the tree, any factor or group of factors iriterfering with this move- 
ment would probably retard enlargement. A high evaporating power 
of the air would tend to increase water loss from the leaves, and it is 
thus possible that, during periods of high transpiration accompanied 
by a saturation deficit in the leaf, transport of materials to the fruit 
may be retarded and water may actually be withdrawn from the 
fruit. Upon the restoration of leaf turgor, which usually occurs at 
night during the summer, a resumption of fruit enlargement takes 
place. 

It is not within the scope of this report to discuss the effect on 
transpiration or translocation of each individual factor that goes to 
make up the evaporating power of the air. However, under the 
conditions of this investigation there is rather conclusive evidence 
that air movement was the most important single factor studied in 
increasing the evaporating power of the air, as measured by water 
loss from white atmometers. If an attempt is made to account for 
increased transpiration in terms of air movement the writers are not 
wholly in agreement with the findings of many investigators; how- 
ever, the experimental evidence in regard to the influence of wind 
on transpiration and plant response is itself somewhat confusing. 
Briggs and Shantz (4, 5) found that, of the physical environmental 
factors studied, wind velocity showed the lowest correlation with 
transpiration. They considered that only 2 to 6 percent of the trans- 
pirational loss could be attributed to the action of wind. 

The apparently conflicting evidence regarding factors that affect 
transpiration in the field may in some cases be traced to climatic 
differences in the location of the experiment. It is possible that 
under certain atmospheric conditions air movement, as compared 
with other influences, may have but a slight effect in increasing 
transpiration. ^ Studies in the field, at best, are complicated by many 
opposing and interacting factors and the interpretations frequently 
reflect only the forces most active at a particular time. 

The terrain adjacent to the orchards of the Wenatchee Valley is 
arid during the summer months. In the morning and early after- 
noon the surrounding desert land and rocky hillsides absorb con- 
siderable heat from the sun^s rays. Subsequent air movement in 


July 15, 1938 Relation of Atmosphere to Enlargement of Apples 


121 


the afternoon tends to carry into the cooler orchards the resultant 
hot, dry atmosphere from these outside areas. Under these con- 
ditions air movement, in addition to exerting a possible direct influence 
in increasing water loss from the leaves, may also produce the same 
result by bringing about a combination of forces, such as lowered 
humidity and increased atmospheric and leaf temperatures. 

Knight (17) found that a wind velocity of 0.26 mile per hour caused 
a 50-percent increase in transpiration rate over that in still air. Cope- 
land (S) in the Philippine Islands found that transpiration of the 
coconut palm was four times as great in a wind with a velocity of 5 
miles per hour as in a calm. Others {6^19, 21), however, have con- 
cluded that transpiration was increased up to a limited air velocity, 
above which there was a pronounced depressing effect. Martin and 
Clements (19), using motor-driven fans on sunflowers, found a striking 
decrease in leaf and stem development, dry weight, and total transpha- 
tion with increasing wind velocities. These findings suggest that air 
movement may brmg about physiological changes, correlated with in- 
creased transpiration, which may in themselves exert a retarding in- 
fluence on fruit enlargement. 

Recently Audus (;0), and also Godwin (13), studying the effect of 
various treatments on the respiration rate of leaves, reported a two- 
fold to threefold increase in respiration resulting merely from bending 
or rubbing the leaves lightly past one another. After the treatment, 
respiration gradually decreased, but did not reach normal until after 
about 60 hours. From the results obtained by these investigators it 
appears that respiration of apple leaves may be increased by the motion 
or rubbing action caused by wind to the extent of retarding fruit 
enlargement. Heinicke and CMlders (14) offer further evidence in 
this direction by showing that during the daytime a high rate of 
respiration in apple leaves greatly reduced the rate of photosynthesis. 

These possibilities, either singly or collectively, point to a partial 
explanation of the effects of air movement on fruit growth. They 
also suggest that a reduction in diurnal fruit enlargement may not 
be due entirely to a temporary delay in translocation, but that some 
of the elaborated materims may be permanently lost to the fruit. It 
has been observed that apple trees in localities characterized by con- 
stant winds are usually stunted in growth and seldom highly pro- 
ductive. Blanchard (3) found a 5- to 7-percent increase in yield of 
lemons and a 3-percent increase in size of tree when the grove was 
protected from wind. 

If the enlargement rate of apples through the season is adversely affect- 
ed by high evaporating power of the air, there would probably be evi- 
dence of the same influence on daily periodic growth. Data supporting 
this assumption are shown in table 4. An important factor to be consid- 
ered in this connection is the time of daj^, throughout the season, when 
fruit-enlargement rate is likely to exhibit the least variability. In 
the present experiment such a time was found between 4 and 6 p. m. , 
when the average minimum growth rate of apples for the experimental 
season occurred (fig. 6). Daily fruit measurements taken at this 
time, therefore, will probably be influenced least by periodic growth 
variation. In this work this period has been designated as the ^^^mean 
diurnal minimum.'' It must be recognized, however, that this may 
hold true only under conditions in the Pacific Northwest or perhaps 
within even narrower geographic limits. 
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To account fully for the change in diurnal periodicity from one 
seasonal period to the next is rather difficult with the data at hand 
Shifting of the daily maxima of fruit enlargement both in time and 
magnitude as the fruit approaches maturity is undoubtedly brought 
about by fundamental changes in metabolism, some of which, as have 
been shown, are probably influenced bj’- environmental conditions. 
Other changes might be the result of hereditary characteristics peculiar 
to the species or variety. _ That pronounced periodicity can be induced 
in plants by variation in the amount of daily illumination is well 
recognized, and this may also play an important part in the seasonal 
periodicity of fruit enlargement. 

During the course of this investigation, for e.xample, daily illumina- 
tion as measured from sunrise to sunset decreased from 15K to 11 
hours. According to Heinicke and Hoffman (15), such a reduction 
in length of day would decrease photosynthetic activity of the leaf. 
This, accompanied by lowering light intensities as the season progresses 
(7), might result in a lower rate of fruit growth. 

The growth curve for the third period (fig. 6) is of particular interest 
in the light of recent researches by Curtis and Herty (10) on the effect 
of relatively low temperatures on translocation. These authors found 
that chilling the petioles of bean leaves to temperatures between 0.5® 
and 4.5® C. greatly reduced transport of carbohydrates from the leaves, 
and that maintaining the petioles at 7® to 11® allowed greater trans- 
location, but less than at temperatures of 17® to 24®. The fruit- 
enlargement curve for this third period shows a response to tempera- 
ture variations similar to that described above. The relatively low 
average night temperatures of this period (6.5® to 10®) fall within one 
of the temperature ranges used by Curtis and Herty (10), and it ap- 
pears significant that the hours of slow fruit enlargement coincide with 
these comparatively low temperatures. The rather sharp change in 
slope of the curve (fig. 6) from 4 to 6 a. m., where the lowest average 
temperatures were encountered, tends to emphasize this i^elationship. 

SUMMARY AND CONCLUSIONS 

By means of continuous-recording instruments, checked by daily 
hand-tape measurements, a study was made of the relationship be- 
tween atmospheric conditions and the time and rate of enlargement of 
Winesap apples. 

Reduction in the enlargement rate of fru*t was closely associated 
with comparatively high evaporating power of the air, and under the 
conditions of this investigation air movement appeared to be the 
dominant factor in increasing this evaporating power. 

Atmospheric temperatures probably have an important influence 
on the enlargement rate of apples. ^ The effect of high temperatures in 
retarding growth may be exerted indirectly by increasing the evapo- 
rating power of the air. There is some indication that temperatures 
below 50® F. may directly limit fruit growth. 

A pronounced daily periodicity was found in the time and rate of 
fruit enlargement, and this periodicity seemed to be influenced by 
the evaporating power of the air. Hours during which average 
growth was at a minimum were characterized by high evaporating 
power of the air and increased air movement. 
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The daily curve of growth did not remain constant throughout the 
investigation but showed a distinct seasonal shift in maximum and 
minimum rates. From July 20 to August 16 the highest rate of fruit 
enlargement occurred between 10 p. m. and 4 a. m.; from xliigiist 16 
to September 13 the maximum rate was between 2 and 8 a, nn; while 
in the third period, September 14 to October 11, it was found from 8 
a. m. to 1 p. m. The average daily growth for these three periods 
was 1.89, 1.66, and 1.16 cc, respectively. 

The least fluctuation in daily growth rate throughout the experi- 
ment was found in the minimum growth range, between 4 and 6 p. m. 
This period has been termed the '^mean diurnal minimum’’ of fruit 
enlargement. Daily fruit measurements taken at this time will 
therefore be less affected by both diurnal and seasonal periodic varia- 
tions in growth than at any other time of the 24 hours. 

Some possible physiological effects of air movement and evaporating 
power of the air on the retardation of fruit enlargement are discussed. 
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THE SOLUBILITY OF CASEIN IN SALTS OP CERTAIN 
ORGANIC ACIDS, AND ITS FRACTIONATION BY MEANS 
OF THESE ACIDS » 


By Ralph H. McKee, professor of chemical engineering, Columbia Universitg, 

and Stephen P. Gould, assistant chemist, Division of Dairy Research Labora- 
tories, Bureau of Dairy Industry, United States Department of Agriculture - 

INTRODUCTION 

The study of casein, the principal protein in niilk, is being giyen 
increasing attention in research laboratories, not only because of the 
promising new ways in which it may be used in industry, but also 
because it affords a suitable material for the study of fundamental 
problems in protein chemistry. 

Strong acid and alkaline reagents have generally been used as 
solvents for casein, but they are not entirely satisfactory. Accord- 
ingly, the writers undertook experiments to determine the degree of 
solubihty of casein in solutions of certain salts of organic acids. 
Nearly neutral aqueous solutions having a pH value of 4.6 (the 
isoelectric point of casein) were used in these experiments, since 
very little research work had been done with such solutions as com- 
pared to the work done with strong acids and bases. 

DEFINITION OF TERMS 

The term ‘^casein” as used here means ^^acid casein’^ as distinct 
from rennet casein. Acid casein might be further defined as the 
phosphoprotein, or aggregation of phosphoproteins, precipitated from 
skim milk by acid at a pH value of 4.1 to 4.6. The phosphorus 
content, as determined by different investigators, varies from 0.71 to 
0.88 percent. 

Rennet casein is evidently a calcium caseinate — calcium phosphate 
complex — and is not nearly so pure as acid-precipitated casein. 
Rennet casein is relatively unimportant commercially; approximately 
97 percent of all the casein produced is acid casein, ^ Acid casein is 
the product commonly loiown in the industry and in the scientific 
literature as ‘^casein.’^ 

By ^ ^solubility of casein^' is meant the solubility at the isoelectric 
point rather than that resulting from chemical combination, as, for 
example, in borax solution where sodium caseinate is formed and 
dissolved. 

The term ^ ^solution’ ^ in this paper refers both to crystalloidal and 
to colloidal solutions. 

1 Received for publication January 29, 1938; issued August 1938. This paper was presented in part 
before the meeting of the American Chemical Society, Chapel Hill, N. 0., April 1937, It is condensed 
from the dissertation submitted by Stephen P. Gould in partial fulfillment of the requirements for the 
degree of doctor of philosophy in the Faculty of Pure Science, Columbia University . 

2 The writers acknowledge the generous cooperation and helpful advice of L. A. Rogers, Chief, and E. 0, 
Whittier, senior chemist, Division of Dairy Research Laboratories, Bureau of Dairy Industry. 
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SOLUBILITY OF ACID-PRECIPITATED CASEIN 

EARLIER INVESTIGATIONS DEALING WITH SOLUBILITY OF CASEIN 

Much of the earlier w^ork on casein solvents or plasticizers in the 
organic field wuxs done in connection with casein plastics. Gold- 
smith {12, IS, 14 ) ^ in 1907 found that naphthol and other phenolic 
compounds and urea wmuld '^convert'' casein to the ''thermoplastic” 
state. This he believed was due to "the solvent action of the con- 
verting agent. Phenolsulphonic acid, tartaric acid, aniline, borax, 
and naphtholsulphonic acid {28) are also mentioned in the early 
patent literature of plastic casein. 

Cohn (7, 8) reported the solubility of casein in ^vater at its isoelec- 
tric point as 0.11 g per liter at 25^ C. Euler and Bucht (5) deter- 
mined quantitatively the solubilitjT^ of casein in tartaric acid, sodium 
potassium tartrate, and chloracetic acid solutions. _ They determined 
the amount of casein in the solution by precipitating it with sodium 
acetate solution or acetic acid, filtering, and drying in^a vacuum 
desiccator. At the Carlsberg Laboratories in 1925 Kondo {19) 
examined the effect of hydrochloric acid on casein. By formol titra- 
, , tion, he showed that there was no hydrolysis at 18° C.^ 

Agthe {!) records citric acid, sodium naphthylaminosulphonate, 

' and potassium butyrate as agents for maldng casein soluble. 

In view of the fact that an acid that considerably swells casein will 
usually dissolve it, the work of Isgarischew and Pomeranzewa {16) is 
of great interest. They tested the swelling action of casein in solutions 
of 23 organic acids. The greatest swelling action was shown by 
. chloracetic, lactic, glycollic, malonic, formic, and citric acids (in the 

order named). They concluded that a hydroxyl and also a second 
carboxyl group in the acids greatly increased the swelling of the 
casein, but that a further increase in carboxyl groups diminished 
dilation. With the exception of formic acid, the monobasic fatty acids 
showed little swelling power. 

Sutermeister {81, 'p. 128) lists a wide variety of solvents for casein, 
chiefly inorganic. In addition to the commonly used alkalies, he 
records less commonly used alkaline solvents such as sodium sulphite, 
r , aluminite, arsenate, and citrate, and lithium, magnesium, and cesium 

hydroxides. 

Von Weimarn {36, S7) formed dispersions of nitrogenous materials 
j in solutions of Ca(CNS) 2 , CaBra, and LiCNS. The last wms by far 

!:, the most efficient solvent. He observed also that solutions of pyrogal- 

^ lol, resorcinol, thiourea, and guanidine thiocyanate were good dispers- 

! ing agents — particularly at C. 

In a fundamental study of organic solvents for proteins, Loiseleur 
" , (22, 23, 24 ) pointed out that they formed true solutions in certain 

acids, such as formic, while higher acids, such as acetic and propionic, 
did not bring about solution. However, oxypropionic acids such as 
lactic or pyruvic readily dissolved casein. Other acids, such as 
, ; , acetic, that did not have the power of dissolving protein acquired this 

I property when amino acids, such as glycocoll or alanine, were added. 

In 1932, Soff (;0P) at Columbia University worked with new types of 
i ' I solvents developed by the senior author. These are concentrated 

" aqueous solutions of highly soluble salts of organic acids such as 

I s Italic numbers in parentheses refer to Literature Cited, p. 141. 
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sodium cymenesulphonate or sodium benzeiiesiilphonate in wliicli 
the organic part is a large proportion of the molecule. Such solutions 
differ from water in their solvent characteristics, as the organic 
portion of the compounds seems to give them many of the properties 
of organic solvents. In general, Soft' worked with liighly concentrated 
solutions. He found sodium cymenesulphonate solution to be a very 
powerful solvent for casein and gelatin. He also stated; “There had 
apparently been no change in properties during storage of these casein 
solutions over an unusually long period of time.'^ Nearly neutral 
solvents such as these salts obviously have a greater advantage in 
avoiding the factor of hydrolysis over stronger, more commonly used 
basic or acidic compounds. 

Associates of Rogers (^, p. 6S) explain that casein is insoluble in 
the usual neutral organic solvents and in cold dilute acids. Casein 
at its isoelectric point of 4.6 is considered to be uncombined with 
acids or bases. 

EXPERIMENTAL PROCEDURE 
Materials 

Preliminary experiments were made to determine what concentra- 
tions would be practical to use for exact solubility work. For these 
preliminary experiments, sodium cymenesulphonate from the Colum- 
bia University chemical engineering laboratory was used. This was 
fairly pure, but for the more precise work later, the salt was recrystal- 
lized from alcohol. 

Solubility determinations were run at a pH of 4,6, the isoelectric 
point of casein, so that the solubility would not be affected by possible 
alkalinity of the solvent, and also because casein is most stable at its 
isoelectric point. To adjust the solutions to this point, cymenesul- 
phonic acid was used. This was purified by freeing it from sulphuric 
acid by the following procedure. The solution was touted, neutralized 
with barium hydroxide, and the barium sulphate was filtered off. 
The cymenesulphonic acid was liberated from its barium salt in the 
filtrate by the addition of the calculated amount of sulphuric acid. 
After the barium sulphate was filtered off, the filtrate was evaporated 
to dryness. 

The casein used for the preliminary experiments was a well-washed 
grain-curd product prepared at the Grove City (Pa.) Ci'eamery. For 
the later more exact experiments, a purified casein prepared by E. O. 
Whittier of the Division of Dairy Research Laboratories was em- 
ployed. This was precipitated from skim milk by adding a 4-percent 
solution of hydrochloric acid until the pH value^was 4.1. The casein 
was washed first with water slightly acidified with hydrochloric acid, 
then 8 or 10 times with pure water, next with alcohol, and finally 
with ether. Thus the redissolving in alkali (which is a concomitant 
of the Hammarsten process) was avoided. This gave a casein of high 
purity, containing less than 0.50 percent ash above that due to the 
P2O5 combined in the casein molecule. Hammarsten casein also w^as 
used in some of the later experiments. 

Methods 

The general procedure for determining the solubility of casein in 
the solutions of the salts of organic acids was as follows : The quantity 
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of salt iiecessaiy to give the desired concentration of solution was 
dissolved in water, enough of the acid or alkali (as the case might be) 
corresponding to the salt used was added to bring the pH value of the 
solutioii to 4^6, and water was added to bring the whole mixture up 
to 55 cc. At first the casein was added gradually, often in amounts 
greater than 5 g, but it was found (in agreement with earlier work on 
solutions in other solvents) that the solubility increased with increasing 
ainounts of the solid phase. This fact in itself was one proof of the 
nonhomogeneity of casein. Because of this characteristic, it was 
considered advisable in all cases to use the same gross quantity of 
casein. Consequently, the solubility values in this paper, unless 
otherwise noted, have been determined on the empirical basis of 5 g 
of casein to 50 cc of solution. 

In some of the earlier experiments, much difficulty was caused by 
bacterial decomposition of the solutions. The addition of 0.2 percent 
of phenol (0.10 g) to 50 cc of solution served effectively to inhibit this 
action, and it was determined by experiment that phenol at the low 
concentration employed did not appreciably affect the solubility 
values. 

Five grains of casein and 50 cc of solution at a pH value of 4.6 were 
put into a 250-cc Erlenmeyer flask. This was well stoppered and 
placed in an incubator that was held at the necessary temperature by 
thermostatic control. From two to four determinations were made in 
establishing the solubility value at each temperature and concen- 
tration. The flasks were shaken at frequent intervals. 

The progress toward solubility equilibrium was followed by obtain- 
ing the refractive index of the solution at suitable intervals. Samples 
were drawn off by vacuum through a short piece of rubber tubing 
fitted on the end of a pipette. The tubing contained a wad of cotton 
to serve as a filter. An Abbe refractometer, with prisms heated to 
30° C., was employed, and therefore samples of only 1 or 2 drops of 
solution were required. The attainment of equilibrium was shown 
by the constancy of the maximum of the refractive indices over a 
period of from 2 to 4 days. This was, incidentally, evidence against 
hydrolytic decomposition of the protein. 

After the equilibrium of the solution was established, some of it 
was filtered as quickly as possible through a wad of cotton placed in 
the stem of a funnel. From 1 to 2 g of the solution was weighed in a 
weighing bottle, transferred to a beaker, and diluted with water at a 
temperature of 35° to 40° C. A few cubic centimeters of 10-percent 
acetic acid solution were then slowly added to the warm solution to 
precipitate the casein. At 35° to 40°, the protein separates in a 
granular, easily filterable condition. The mixture was allowed to 
stand overnight to promote completeness of precipitation. The 
casein was filtered off on a Gooch crucible fitted with two pads of 
filter paper. The filtrate was concentrated nearly to dryness on the 
steani plate and diluted with water. If any casein remained in solu- 
tion, it was practically all removed by this method. Sometimes small 
additional quantities of casein were thus obtained and were added 
to the main residue. The Millon or biuret test was applied to the 
filtrate and usually showed the absence of significant amounts of 
casein. The precipitate vras washed free of extraneous matter. 
Tests for completeness of washing were made with litmus paper. In 
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addition^ lead nitrate solution was used to test for sodium cymene- 
sulphonate; ferric chloride solution was used to test for potassium 
thiocyanate; and silver nitrate solution to test for sodium benzene- 
sulphonate.^ 

Acetic acid was chosen as the casein precipitant because this acid, 
as well as trichloroacetic, has been used for years for this purpose and 
appears to have been thoroughly tested. Colloid chemists are of the 
opinion that the action is a salting-out effect. The action is in 
accordance with the precipitating characteristics of the Hofmeister 
series — a satisfactory explanation of which is still lacking. To make 
sure that the precipitates were free from acetic acid, they were always 
washed until the wash water was neutral to litmus. 

In the early experiments, the quantity of precipitated casein was 
determined by the refractometer. At times, this procedure seemed 
to give accurate results, but now and then the results were erratic 
and the source of the error could not be located. 

The direct-weight method was finally adopted as the general 
method for determining the quantity of casein dissolved in the 
solvents, as it gave more consistent results than the refractometric 
procedure, was more expeditious than the determination of nitrogen 
content, and was sufficiently accurate. In obtaining the direct weight 
of casein, the precipitate on the suction filter was washed free of salts 
and treated with 60 to 80 cc of acetone and then with the same 
quantity of ether. The ether was removed by sucking air through the 
filter for 15 or 20 minutes. The Gooch crucible containing the 
washed casein was then placed in a desiccator and allowed to remain 
overnight. From the weight obtained, the number of grams of casein 
dissolved in 100 g of solvent was calculated. 

Unless otherwise indicated, Whittier^s purified casein was used for 
the final solubility determinations. 

SOLUBILITY OF CASEIN IN SOLUTIONS OF RE CRYSTALLIZED SODIUM 
CYMENESULPHONATE 

Solutions containing 5 percent and 7.5 percent of recrystallized 
sodium cymenesulphonate were used since the high viscosities of the 
more concentrated solutions prevented effective sampling. 

In general, the 5 percent solution was prepared as follows: 2.47 g of 
the salt was dissolved in water. Two cubic centimeters of phenol 
solution (containing 0.10 g) was added, followed by 4 drops of cymene- 
sulphonic acid solution (containing 0.03 g) which gave the solution a 
pH value of 4.6, as shown by bromocresol green paper. The mixture 
was then made up to 50 cc. The 7.5 percent solution was prepared 
in the same way except that 3.70 g of sodium cymenesulphonate and 
O.Ofi g of eymenesulphonic acid were used to give the correct concen- 
tration and a pH value of 4.6. 

The refractive index of the solution was determined, and 5 g of 
casein was added. The flask was stoppered, placed in an incubator 
held at the required temperature, and shaken at intervals. 

Equilibrium was ascertained by noting or observing the constancy 
of the maximum of the refractive index over a period of, usually, from 
2 to 4 days. Ordinarily, all salts required an average of about 10 or 
11 days to attain equilibrium at 15^ C., 7 or 8 days at 30°, and 4 or 5 
days at 45°. ' 

' 83437— 38— 4' \ 
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Percentages of casein were determined by the method of precipita- 
tion with 10 percent acetic acid solution, and weighing the casein 
directly as described above. Some of the early results were also 
checked by the Van Slyke gasometric micro-Kjeldahl method S5) 
for deterrnining nitrogen.* Results were usually reproducible within 
narrow limits, although in some cases they were not as close as could 
be obtained with crystalloidal materials. Proteins, because of their 
indefiniteness and the huge size of their molecules, never give as exact 
results as do simpler inorganic and organic compounds. 

Final solubility values for all salts (except as otherwise noted) were 
determined at 15°, 30°, and 45° C. These were considered the most 
practical temperatures to employ, because of the limiting effect of 
viscosity. Solubility values are reported as gra,ms of casein dissolved 
in 100 g of solvent. The solubility values are listed in table 1. 


Table 1. — Solubility of casein in solutions of salts of organic acids having a pH 

value of 


Kind and concentration of the salt solution 

■ 

Quantity of casein dissolved in 100 g of the 
solvent at— 

15° C. 

30° C. 

45° C. 

Sodium cymeriesulphonate: 

5 percent 

Grams 

3. 0480 
5. 2999 

1. 7850 

3. 5490 

. 9778 

2. 2070 

Grams 

5. 9390 
8. 0197 

2. 5089 

Grams 

9. 6753 

7. 5 percent 

Potassium thiocyanate: 

2. 5 percent 

3. 4201 

5. 0 percent 

Sodium benzenesulphonate: 

5.0 percent __ 

1. 9331 

2. 7450 

3. 0480 
4.8202 

10. 0 percent 



SOLUBILITY OF CASEIN IN POTASSIUM THIOCYANATE SOLUTIONS 

The potassium thiocyanate used was a chemically pure analyzed 
salt. Potassium tliiocyanate solution was found to be an excellent 
solvent for casein. Experimentation established that a 2.5-percent 
solution of potassium thiocyanate was best adapted to the method of 
sampling and to the temperatures employed. A 5-percent solution 
could be used at 15*^ C., but at 30° and 45° the solution became too 
dense. 

In general, the 2.5-percent solution of potassium thiocyanate was 
prepared as follows: 1.25 g of KCNS was weighed out, 2 cc of phenol 
solution was added, and the solution was made up to the mark in a 
50-cc volumetric flask. Rather surprisingly, the solution gave at this 
concentration a pH value close to 4.6. The 5-percent solution was 
made up somewhat similarly, except that 2.5 g of KCNS was used, 
and 8 drops of 0.1 N KOH (containing 0.0022 g of alkali) were neces- 
sary at this concentration to bring the solution to pH 4.6. 

Five grams of casein was added for each determination. Much the 
same procedure was followed as was used with sodium cymenesul- 
phonate solutions, although in some cases the time required for the 
solution to reach equilibrium was a day or two longer. The results are 
shown in table 1. 


4 The authors are indebted to P. I). Watson, of the Division of Dairy Research Laboratories, for making 
some of the analyses for phosphorus and nitrogen. 
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SOLUBILITY OF CASEIN IN SODIUM BENZENESULPHONATE SOLUTIONS 

The sodium benzenesulphonate used was a commercial product of 
high purity. It was found that 5- and 10-percent solutions were the 
most practical to use. 

The 5-percent solution was prepared by dissolving 2.5 g of sodium 
benzenesulphonate in water and adding 2 cc of phenol solution (con- 
taining 0.10 g). About 0.25 cc of 0.2 N NaOH solution (containing 
0.002 g) was required to give a pH value of 4.6. The volume was made 
up to 50 cc, and 5 g of casein was added as before. The 10-percent 
solution was prepared in the same way, except that 5 g of salt was used 
and about 0.5 cc of 0.2 N NaOH solution (containing 0.004 g);was 
a.dded to give the required pH value. Equilibrium was attained 
normally at the customary three temperatures. These results are also 
given in table 1. 

On plotting the solubility values for casein in the 5-percent solution 
it was noted that the solubility curve was practically a straight line. 
For the 10-percent solution, there was a slight curve in the line. It 
was thought advisable to check again very carefully the points on the 
curve; the values obtained by the recheck showed that the points were 
correct. 

FRACTIONATION OF ACID-PRECIPITATED CASEIN 

EARLIER INVESTIGATIONS 

Several investigators have believed that acid casein as ordinarily 
precipitated from milk is not a homogeneous compound but a mixture 
of closely related proteins or fractions. 

According to Linderstr0m-Lang {20), in 1885, Danilewsky and 
Rodenhausen extracted a substance from casein by boiling it with a 
50-percent alcoholic solution and then by means of sulphur determina- 
tions they sought to prove a difference between the extract and the 
residue. In 1918, Osborne and Wakeman {26) treated casein with a 
92-percent alcoholic solution and obtained a fraction which differed 
considerably from casein in phosphorus content as well as in other 
particulars. 

In 1925, Linderstr0m-Lang and. Kodanaa {21) in determining the 
solubility of casein in hydrocliloric acid in the presence of sodium 
chloride, observed that the solubility increased with the amount of 
casein added, which suggested that the protein was not a homogeneous 
material. They apparently proved by the phase rule that there were 
present more than the four components, i. e., casein, water, sodium 
chloride, and hydrochloric acid. ^ They succeeded in separating casein 
into two fractions. The possibility of decomposition by the strong 
acid at the temperature used was ruled out by formol titrations and 
by constant solubility values day after day. 

Svedberg, Carpenter, and Carpenter (5^, S3) found by the Svedberg 
sedimentation-velocity method and the sedimentation-equilibrium 
method that Hammarsten casein appeared to contain several proteins 
of different molecular weight. By extracting casein with alcoholic 
HCl, they obtained a definite fraction which gave a molecular weight 
of 375,256 ±11,000. Carpenter and Hucker (5) also found, by 
treating casein with acid alcohol and by fractionating it with potassium 
oxalate, that apparently three proteins having molecular weights of 
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98,000, 188,000, and 375,000 could be obtained from casein. Accord- 
ing to Carpenter, hydrolysis of casein takes place very slowly. 

In 1927-29, Linderstrpm-Lang {20) fractionated casein by means of 
alcoholic HCl at 60° to 70° C. He claimed that phosphorus-nitrogen 
ratios were excellent bases of differentiation between fractions. For 
example, in one fraction he found a P/N ratio of 0.0337 and in another 
fraction a P/N ratio of 0.0490. He postulated that either the casein 
is very unstable and easily breaks down into its components or else it 
consists of different molecules which may be slowly separated from 
each other. He favored the latter view. He found the yields of 
fractions were not quantitative; the correct proportions were not 
known. His results were reproducible, although he stated that — 

naturally such an experiment cannot be reproduced with the same degree of 
accuracy as solubility determinations with crystalline substances. One cannot 
expect that a fractionation of this kind will be able to give quite accurately 
identical results each time it is conducted. There is the possibility that milk 
from different cows can vary in its composition, 

Linderstr0m-Lang concluded that casein is a mixture of colloidal 
molecules that form a coprecipitation system, and thus to a certain 
extent seem to act as a unit. He thought a study of fractionation 
should contribute much to the knowledge of the properties and 
reactions of casein,. 

Sprensen {30) made measurements of the solubility of proteins in 
salt solutions and found that solubility would increase with added 
amounts of proteins, thus indicating the presence of more than one 
solid phase. He assumed, however, that the proteins were not pri- 
marily mixtures of fractions, but “a complex combination of several 
components held together by residual valences. He presumed this 
compound to be easily dissociated into its components by the weak 
solvents eniployed, but he did not state whether the dissociation 
increased with time. ^ If it did, this would be a powerful argument in 
favor of the dissociation theory. 

Cherbuliez and Schneider {6) in 1932 concluded that casein was a 
mixture of inconstant composition. They used ammonium chloride 
as the fractionating agent. They stated that casein is very sensitive 
to the action of water when the pH value of the solution is above 7, 
but that it is probably perfectly stable in weakly acid solutions as at 
pH 4.6. ^ These workers found that the components possessed different 
solubilities in 70-percent pyridine solutions and varied in their rennet- 
coagulation characteristics. 

Berggren {3) separated casein by HCl and lactic acid and a dialysis 
procedure. She found P/N ratios of 0.0522 and 0.0558 and 0.0444 
and 0.0215. 

In 1934, Grdh (75') fractionally precipitated casein from its 40- 
percent urea solution and its solution in molten phenol by adding 
absolute ethanol, and from a 70-percent alcohohc ammonium hy- 
droxide solution by adding dilute HCL The initial fractions were 
further divided into subfractions. No evidences of hydrolysis were 
found. 

Giza (77) separated casein by Linderstrpm-Lang^s method, and 
found that fractions differed in phosphorus and in amino acid content 
as shown by spectrophotometric analysis. He also observed varia- 
tions in the buffer capacities. 
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Jkgensons (17, 18) fractionated Hammarsten casein, and pre- 
cipitated the components by various concentrations of methanol, 
ethanol, and propanol. Results were plotted. Apparently a uniform 
protein will give a curve with a single maximum and minimum point, 
whereas a nonuniform protein ordinarily does not. 

In 1935, Carpenter {Jf) postulated that the reversible dissociation of 
casein would take place at neutrality by dilution with a large volume of 
buffer solution. 

Supplee {2^ p. 52) brought about fractionation of casein by succes- 
sive sedimentation and washing of fine casein. He found one fraction 
in particular to be very high in phosphorus. 

In 1936, Pedersen {27) concluded that casein would dissociate during 
sedimentation and produce smaller molecules. 

EXPERIMENTAL PROCEDURE AND EVIDENCES OF FRACTIONATION 

As explained before, the possibility of selective solubility, or frac- 
tionation effect, was considered in the course of the solubility deter- 
minations. Primary evidence of fractionation was afforded if the 
refractometer showed an increased index on the addition of further 
amounts of casein after equilibrium had been attained with the 
quantity already present. This result, if obtained, was checked by 
further tests such as phosphorus and nitrogen determinations, formal- 
dehyde absorptions, and solubilities in pyridine solution. 

Some hint of fractionation was noticed in an early experiment with 
sodium cymenesulphonate solution. Seven and five-tenths grams of 
casein was the starting quantity, and an equilibrium refractive index 
of 1.3972-3 was first reached. On the addition of a second increment 
of 5 g of casein, the index jumped to 1.4030 in l)i hours, indicating 
the extraction of material from the added casein. As is well known, 
if the solid phase is homogeneous, the solubility value at equilibrium 
will not be enhanced by the addition of further amounts of the solid 
phase. On the other hand, if the solid phase is heterogeneous, the 
quantities dissolved by the solvent may increase in proportion to the 
further increments of the material added, provided the solubility of 
the most soluble fraction has not been exceeded. 

The same phenomenon (marked increase of the refractive index on 
addition of further quantities of casein) was noticed both with a 
7.5-percent and a 5-percent sodium cymenesulphonate solution at 
45° C., and a 2.5-percent potassium thiocyanate solution at 30°. In 
the latter case, fractionation was not confirmed by the P/N ratio 
determinations. 

FRACTIONATION WITH 5-PERCENT SODIUM BENZENESULPHONATE SOLUTION 

Grove City Casein 

A 5-percent solution of sodium benzenesulphonate was examined for 
possible fractionating tendencies.; A solution containing 2.5 g of the 
salt, 0.25 cc of 0.2 N NaOH solution (containing 0.002 g), and 2 cc of 
phenol solution was made up to a volume of 50 cc. This solution had 
a pH value of 4.6, and 45° C. was the temperature of the run. Two 
grams of Grove City casein was added at first. After 4 days the 
refractive index became stabilized. ^ Two grams of casein was again 
added, and after 2 days the refractive index showed a second equi- 
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libriiini point, thus indicating the possibility of fractionation. One 
gram more of casein was added at this point, but shortly thereafter 
the thermostatic control of the incubator failed to function. The solu- 
tion was then removed from the incubator, as it was thought that 
enough of the fractions were present to show tests. The solution was 
filtered through canvas, the residue washed free of sodium benzene- 
sulphonate, as shown by the silver nitrate test, and finally washed 
with ethanol and ether. The substance dissolved in the filtrate was 
precipitated with 10-percent acetic acid, filtered, and washed in the 
same manner. The residue and the soluble material were dried in a 
vacuum desiccator over calcium chloride. In later experiments, the 
residue and the soluble material were more effectively dehydrated by 
washing with acetone and ether, and then drying in the oven at 75° 
to 80°. 

Cherbuliez and Schneider (d) recommended a 70-percent aqueous 
pyridine solution as a reagent for distinguishing, on a basis of varying 
solubilities, different casein fractions. They also made use of the 
rennet-coagulation test to show the same distinction. These tests 
were applied to the residue and the soluble material obtained in this 
experiment. One-tenth gram of the residue fraction was added to 
20 cc of a 70-percent aqueous pyridine solution. After 24 hours, the 
residue was only partly dissolved. The fraction obtained from the 
filtrate was similarly tested and it was found to be completely soluble 
in only a few hours. The rennet test was also applied to each fraction. 
To O.i g of each fraction was added 0.12 g of calcium hydroxide, 3.2 cc 
of water, and 0.16 cc of rennet solution. No coagulation was observed 
in the solution of either fraction. 


Table 2 . — Results of fractionating different kinds of casern with different agents ^ 
SODIUM BENZENESULPHONATE (5 PERCENT) 


Kind of casein and fraction 

Phos- 

phorus 

Nitrogen 

P/N ratio: 

Formal- 

dehyde 

absorbed 

Solubility in 
pyridine 

Grove City casein: 

Insoluble residue - 

Percent 

0.849 

2.22 

.865 

.78 

Percent 

15. 67 
15.61 

15.67 

15.67 

0. 0542 
.1422 

.0552 

.0500 

Milli- 

grams 

Part. 

Entire. 

i 

Fraction from filtrate. - 

i 

Whittier casein: 

Insoluble residue. 

i 

Fraction from filtrate 





SODIUM BENZENESULPHONATE (10 PERCENT) 


Whittier casein: 






Insoluble residue,. 

0.844 i 

15.62 

0.0538 

2.4 

Slight. 

Fraction from filtrate 

.912 i 

15.68 

.0582 

1. 2 

Entire. 

Hammarsten casein: 




Insoluble residue 

.786 

15,67 

. 0502 

4.7 

Slight. 

Fraction from filtrate ; 

d.87 

15.65 

■ , i 

.1197 

3.9 

Entire. 


SODIUM CYMENESULPHONATE (5 PERCENT) 


Hammarsten casein'. 
Insoluble residue. , 
Fraction from filtrate. 
Whittier casein: 

Insoluble residue 

Fraction from filtrate. 


0.785 

15. 67 

0. 0502 

4.3 

Slight 

1. 21 

15. 62 

.0774 

1. 7 

Part. 

.907 

' ' 15. 64 

. 0576 

5. 4 

Part. 

.839 

15. 65 

.0536 

: ■ 2. 8 ■! 

Slight. 


t Results listed were calculated on a dry, ashless basis. 
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Phosphorus and nitrogen analyses were made on the two fractions. 
The results are shown in table 2. 

The phosphorus-nitrogen ratios thus offer strong evidence that the 
sodium benzenesulphonate solution has fractionated the casein into 
components of widely differing phosphorus percentages. This evi- 
dence was confirmed refractometrically and by pyridine solubility 
tests. 

Whittier Casein 

The preceding experiment was repeated in the same way except 
that 5 g of Whittier casein was used. After completion of the run, 
the residue was washed with water, acetone, and ether. Acetone 
was substituted for the ethanol used in the preceding experinient 
because of the possibility that some alcohol-soluble component might 
be extracted, and also because of the statement by Cherbuliez and 
Schneider {6) that acetone helps to produce a powdery product that 
does not stick to the filter. The fraction in the filtrate was precipi- 
tated with 10-percent acetic acid at 35° to 40° C. The precipitate 
at this temperature is granular and easily filtered. At lower tem- 
peratures, a fine product is produced which clogs the filter. At higher 
temperatures a gummjr substance is formed which cannot be washed 
effectively. The fraction from the filtrate was washed in the sanae 
way as the residue, and then both fractions were dried overnight in 
the oven at 75° to 78°. 

Phosphorus and nitrogen determinations were made on these frac- 
tions. Nitrogen values were obtained by the Kjeldahl-Gunning 
method. Blanks were run to determine the purity of the reagents. 
The factor used for converting nitrogen to protein was 6.38. Phos- 
phorus was estimated by a method for analyzing phosphorus in 
casein previously adapted by the authors from the methods of Meigs, 
Blatherwick, and Cary {25) and Fales (iO, pp. 213-228), 

The analytical results of this second fractionation are shown in 
table 2. 

Some fractionation is thus indicated, although not as much as 
when Grove City casein was used, even though this experiment was 
run for a shorter time. 

Different caseins vary in their proportions of fractions, according 
to the writers^ observations and also those of Linderstr0m-Lang (20), 

FRACTIONATION WITH lO-PERCENT SODIUM BENZENESULPHONATE SOLUTION 

Whittier Casein 

Twenty-five grams of sodium benzenesulphonate, 2.5 cc of 0.2 
N NaOPI solution, and 0.5 g of phenol were made up to 250 cc of 
soliition.^ This had a pH value of 4.6. Twenty-five grams of Wliit- 
tier casein was added, the solution was placed in an incubator held 
at 45° C., and the mixture was shaken at intervals. After 6 days, 
equilibrium was proved by the constancy of the refractive index at 
1.3602. The residue was filtered with suction and through canvas 
on a Biichner funnel. Because of the larger quantities of casein 
used, filtration by this method was extremely slow, requiring fully 3 
weeks. The fraction in the filtrate was precipitated with 10-percent 
acetic acid solution. Both fractions were washed with water, acetone, 
and ether, and dried in the oven at 75° to 80°. 
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The residue and the fraction precipitated from the filtrate were 
analyzed for nitrogen by the KjeldahbGunning method, and for 
phosphorus by the method described on page 135. The values are 
presented in table 2. ^ , 

Some fractionation was again obtained. However, it is evident 
that partial qualitative but not complete or quantitative fractionation 
may be achieved by the use of the solvents employed. As shown 
later, fractionation was more definitely evidenced by the formaldehyde 
absorption and pyridine solubility tests. 

Formaldehyde absorption. — Additional tests for fractionation were 
sought. It was postulated that the two fractions might vary in 
their affinity or absorbing capacity for formaldehyde. This would 
imply a difference in the number of free amino groups in each fraction, 
since formaldehyde is generally considered to react with the casein 
molecule as follows: 

RNHs+HCHO-^RN : CH2+H2O. 


A test of the applicability of this reaction was carried out by 
exposing the fractions in a desiccator to the vapors of a 37“percent 
formalin solution. The fractions increased in weight at different 
rates, but since ’water vapor was absorbed from the formalin solution 
along with formaldehyde, a second variable was introduced which 
affected the reliability of the results. 

Later, experiments were run in which the formalin solution was 
replaced by solid paraformaldehyde. This eliminated the water 
variable. T?he paraformaldehyde gradually gave off formaldehyde 
vapor which was absorbed. 

The fractions were screened in order to aid in exposing equal surface 
areas. Those portions that passed through a No. 40 screen and were 
retained on a No. 60 screen, were taken for the absorption tests. Two 
samples of each fraction were weighed into weighing bottles and run 
simultaneously in the same desiccator. This was kept in the 30° C. 
incubator. At intervals, the dishes were removed from the desiccator, 
covered, and the time of covering was taken. The bottles were 
weighed after being allowed to come to room temperature. After 
each weighing, the solids in the dishes were mixed by gently shifting 
them back and forth in order to expose new surfaces to the action of 
formaldehyde. The absorption proceeded very rapidly for the first 
day or two, after 'which it advanced more slowly. Intermediate 
values did not always check closely, probably because of changes in 
exposed surfaces; but as the run proceeded, better checks were ob- 
tained until final values, after 13 days, were in close agreement. The 
average of checks for these final values were: For the residue, 2.4 mg; 
for the fraction from the filtrate, 1.2 mg. Thus the first fraction 
absorbs twice as much formaldehyde as the second, strongly indicating 
that there are more free amino groups present in the residue than in 
the filtrate fraction.^ This test furnishes an additional proof of 
fractionation. 

Pyridine solubility. — Two-hundredths of a gram each of the residue 
and the fraction from the filtrate were placed in stoppered test tubes, 
each tube containing 4 cc of 70-percent aqueous pyridine solution! 


Af iv f ® formaldehyde-absorption test as a dynamic one, but intermediate rates 

of reaction did not check because of differences in particle size. Accordingly, only final weights of formal- 
dehyde absorbed by the fractions were recorded. 01 lormai 
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The tubes were warmed to 40° to 45° C. for 1 hour, and then held at 
room temperature for 24 hours, during which time they were shaken 
frequently. The residue was only slightly soluble in the pyridine 
solution. The fraction from the filtrate was entirely soluble. 

Hammarsten Casein 

The preceding experiment was repeated with a different sample of 
casein — i. e., Hammarsten — to observe how caseins from dift'erent 
sources compared, and to check further the fractionating characteristics 
of sodium benzenesulphonate. The same kinds and quantities of 
materials were employed except 25 g of Hammarsten casein was used 
instead of Whittier casein. The conditions of the determination at 
45° C. were practically the same. 

Because of the extremely slow filtration resulting from the use of a 
Buchner funnel and vaccum filtration, a pressure filter was constructed 
and employed thereafter in this and the subsequent larger-scale frac- 
tionations. The pressure filter aided greatly in speeding up the time 
of filtration, only 9 days being required to complete this fractionation 
as compared to 3 weeks for the preceding one. The fractions obtained 
were treated by the usual procedure. 

The results of the phosphorus and nitrogen analyses are shown in 
table 2. 

Extensive fractionation is shown by the difference in the P/N ratios. 
Hammarsten casein is obviously fractionated to a greater degree than 
the Whittier casein by the sodium benzenesulphonate solution. 

Not enough material was available from this particular fractiona- 
tion for additional tests. Accordingly, a second experiment was 
carried out to obtain additional quantities of the components. 

Considerably larger quantities were used this time; i. e., 50 g of 
sodium benzenesulphonate, 5 cc of 0.2 N NaOH, and 1.0 g of phenol 
were made up to 500 cc, and 50 g of Hammarsten casein was used. 
The action of the solvent on the casein was continued for 6 days. 

The filtration of the larger quantity of residue presented much 
difficulty, even with a pressure filter. Parts of the mixture were 
finally removed and filtered by using two Buchner funnels to speed up 
the process. This involved some loss of material. The filtration | 
required over 3 weeks. The fractions obtained were treated as before. 
When the yields were weighed, the residue was 29.40 g and the fraction 
from the filtrate was 1.50 g. 

Formaldehyde absorption. — Screened 20-mg samples of these frac- 
tions were placed in a desiccator, over solid paraformaldehyde, and 
allowed to absorb formaldehyde vapors. Final values were recorded 
after 12 days, although absorption was still proceeding at a very slow 
rate. Ordinarily, 12 or 13 days is sufficient time to attain good cheeks 
and establish differences between the fractions. The final values 
were: For the residue, 4.7 mg; for the fraction from the filtrate, 3.9 mg. i 

Pyridine solubility. — Two-hundredths of a gram of each fraction 
was taken for the test and the same method was applied as outlined i 
previously. The residue was only shghtly soluble in 4 cc of 70-percent I 
pyridine solution, whereas the fraction from the filtrate was wholly 
soluble. 

The pyridine solubility test probably shows differences in the i 
acidic groups of the fractions, whereas the formaldehyde absorption 
test very likely indicates differences in the free amino groups. | 
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FRACTIONATION WITH 5-PERCENT SOLUTIONS OF SODIUM CYMENESULPHONATE 

Hammarsten Casein 

Recrystallized, sodium cymenesulplionate was used for this exoeri 
ment. Two and forty-seven hundredths grams of salt was wei£ 
out, cymenesulphonic acid solution equivalent to 0.03 g was added 
(to give the usual pH value), 2 cc of phenol was added and the Sf 
tion made up to 50 cc. Small portions of Whittier casein w^e" 
poured in from time to time and the subsequent establishment S 
S frSonaSon refractometric readings furnished some indication 

re^kr^y!™^ filtered, and the fractions were prepared in the 

. The pyridine and rennet tests were applied to these components ns 
ui preceding experiments. The fraction precipitated from the filtrate 

vas Mf^^^luhle"^ TP*® 70-percent pyridine solution; the residue 
TpLf ' soluble. The rennet test was negative in both cases 
There was not enough material left for phosphorus and nitro'en 

t Xger s°«ie. ttofW tractionaUon waa attempted 

The solution was prepared in this way; 12.35 g of recrvstnllizArl 

fraction^ were tvasS and dried i^th^.r^^ precipitated and both 

toiy evidence of fractionation is hereby afforL^^' confirma- 

. Pyndine solubiht7j. —The dift'erence in snPiPm A 
m these fractions a.s in the fractionfXnfii i I ^ 
phonate solution. The fraction from®+pf'?n-^ sodium benzenesul- 
soluble in the Pyridine^soSrt&^^ was evidently more 

Whittibe Casein 

the”preeSg“„X" PoSiS “? “ '“S® ““J® ‘tan 

tallized sodium cymenesulphonate grams of recrys- 

of cymenesulphoZic IcirsS ^ ^.e^cc 

poured in to establish the correct aciStv O ^ was 

and the total mixture was diluted tn Tndn^ ^ of phenol was added, 
of Whittier casein was uSd S fP.V.’^-® ^^^dved grams 

7 days at 45° C fractionation was carried on for 
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Considerable difficulty was experienced with the pressure filter in 
attempting to handle this large quantity of material, and some was 
later transferred in successive increments to a Buchner funnel. Some 
material was lost because of this and other difficulties. Precipitation, 
wasiiing, and drying were carried out as with the Hammarsten casein. 
Yields were: Eesidue, 16.20 g; fraction from the fiuitrate, 36.90 g. 

Phosphorus and nitrogen results are listed in table 2. 

Fractionation is again indicated, but in a different manner from 
that in which it took place when Hammarsten casein was used. 

Formaldehyde absorption . — Final weights were taken in 12 days, 
and were: Residue, 5.4 mg; fraction from the filtrate, 2.8 mg. 

Pyridine solubility . — In this particular case it was very difficult to 
distinguish between fractions, although the residue appeared to be 
slightly more soluble than the fraction from the filtrate. 

DISCUSSION AND SUMMARY 

The question of possible hydrolysis of the protein is often raised in 
connection with fractionation work. However, under the experi- 
mental conditions used in this research, the chances of any hydrolytic 
decomposition are nearly negligible. No evidence of such decomposi- 
tion (provided a suitable preservative was used) was obtained in the 
course of the experimentation. The attainment of equilibrium, as 
shown by constancy of the refractive index, was not dependent on 
time as would have been the case if hydrolysis were proceeding. The 
fractions in the various filtrates were always coagulable by acids. 
Even assuming the presence of any hydrolytic products, most of 
them would have been leached out by the washing liquids when the 
fractions were washed, and so would not affect the phosphorus- 
nitrogen ratios or other tests. Furthermore, the experiments were 
run at the isoelectric point of casein, a pH value of 4.6, the point at 
which there is the greatest stability and the least chance of decompo- 
sition. 

The work of other investigators revealed no evidence of hydrolysis 
during fractionation even when much stronger reagents were used. 
(See Linderstr0m-Lang {20) and Kondo {19)). Soff {29) found no 
indications of hydrolysis even after long storage of casein that was 
dissolved in the sulphonate solutions. 

SOLUBILITY OF CASEIN 

From the solubility values tabulated in table 1, it will be seen (on 
the basis of the solubility determined at each of the three tempera- 
tures) that in almost all cases solubility increased with the tempera- 
ture as a straight-line function. With a lO-percent solution of sodium 
benzenesulphonate, a slight curve was obtained. In the case of a 
concentrated solution like this, however, some minor deviation from 
an ideal solubility curve is not unexpected. Increased solvate forma- 
tion with the sulphonate may be a factor. It will be observed that 
the determinations generally intercheck, i. e., they rise in a straight 
line and increase in definite increments between temperatures. 

The solubility of casein (on the basis of 5 g to 50 cc of solution at 
a pH value of 4.6) in a 5-percent aqueous solution of sodium cymeiie- 
sulphonate at a constant temperature of 30°, and 45° C. has been 
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determined For 7.50-percent solutions, values at 15° and 30° only 
could be obtained. Tlie_ solubilities shown by these determinations 
were a straight-line function of the temperature. 

In the same way, the solubility of casein in a 2.5-percent solution 
of potassium thiocyanate at 15°, 30°, and 45° C. has been established 
- potassium thiocyanate, only the solubility 

^ determined. For the 2.5-percent solution the 

solubility increased with the temperature, and was plotted as a 
straight line. 

The solubility of casein has also been determined in 5-percent and 
10-percent sodium benzenesulphonate solutions at 15°, 30° and 45° C 
lor the 5-percent solution, the solubility increased in a s’traight line 
in the same manner as with the other solvents; but for the lO-nercent 

e“SlaSl ‘ 

solvent^forcasein^^^^*^ solutions were found, for the first time, to be 

The use of the formation of lead cymenesulphonate and silver 
oped^^^^^'^ tests for completeness of washing was devel- 

FRACTIONATION OF CASEIN 

It has been shown for the first time that sodium benzenesulphonate 
and sodium cymenesulphonate solutions at a pH value of 4 6 will 
separate casein into at least two components. These components or 
liactions, exliibited chemical differences in that their percentages of 

formaldehyde-absorbing capacities dSed 

(piobabl;^ indicating unlike numbers of free amino groups) - and their 
solubility values m pyndine solutions varied (ewideLly showing 
differences m acidic constituents). ^cviueimy snowing 

R)tassium thiocyanate solution was not a fractionating agent 
Salts of nearly neutral action, such as these sulphonates should be 
of great general value for fractionation purposes since the ’possibility 
nf proteins is reduced to a minimum. Emphatic criticism 

use of strong acids and alkalies as fractionating reagents has 
been voiced by some protein chemists because of the likelfhood tW 

{See Linderatr0m-L.5’rpl,?dlle „ T*-**"”*' 

stirs rt '’T “4?"“ 

by sedimenMon. ” (See tpplee's tZTt tT) 
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Lang {20) commented on the diverse ratios of the fractions in casein 
from different sources. Possibly, too, S0rensen^s theory of the 
reversible dissociation of casein {SO) might explain the lack of frac- 
tionation to uniform definite limits in all cases, since the degree of 
dissociation might vary with many factors involving the casein and 
reagent used. It will be observed that, when Whittier casein was 
fractionated with a 5-percent sodium benzenesulphonate solution, the 
P/N ratios showed an opposite trend from those obtained when 
fractionation was with a 10-percent solution. This may be due to 
differing selective solubilities of various concentrations of the salt; or 
if Sorensen’s theory is correct, to the differing dissociating character- 
istics of the 5-percent and 10-percent solutions. 

A new method of testing for differences in fractions has been devel- 
oped which proves that the amounts of formaldehyde absorbed from 
paraformaldehyde by the components vary considerably. Eesults 
evidently indicate that the fractions are unlike in free amino group 
contents. 

The pyridine solubility test has been employed as a third confirma- 
tory method to further establish the fact of component separation. 
Differences in the solubility of the fractions are probably due to varia- 
tions in the acidic groups present. 

The refractive indices of the solutions also furnished indications of 
fractionation; the indices increased beyond previous equilibrium 
points on the addition of successive increments of casein. 

The theory that casein is a mixture or a composite of loosely bound 
aggregates, rather than a compound, receives emphatic substantiation 
since a fractionation into constituents has been effected by the nearly 
neutral, nonhydrolyzing salts of organic acids. The fact that frac- 
tionation equilibrium was not dependent on time (as shown by the 
refractometer) lends evidence to Linderstr0m-Lang’s casein-mixture 
theory rather than to S0rensen’s casein-aggregate hypothesis. A 
further investigation of the fractions obtained should clarify even 
more the composition and structure of casein. 
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RELATION OF BITTERNESS TO THE TOXIC PRINCIPLE 
IN SWEETCLOVER^ 


By William K. Smith, agent, Division of Forage Crops and Diseases, Bureau of 
Plant Industry, United States Department of Agriculture, and assistant professor 
of genetics and agronomy, Wisconsin Agricultural Experiment Station; and 
R. A. Brink, professor of genetics, Wisconsin Agricultural Experiment Station ^ 

INTRODUCTION 


During the last three decades, sweetclover in North America has 
risen from the status of a roadside weed to a place of importance as 
a forage crop. This rapid adoption as a cultivated crop has taken 
place in spite of several undesirable characteristics. One of the factors 
at present limiting its usefulness is its rather bitter taste. Although 
livestock, at first reluctant to eat it, become accustomed to the taste, 
the bitterness may be a disadvantage when sweetclover is used for 
pasture in mixtures with grasses and other clovers. Another limiting 
factor is that unless sweetclover hay is thoroughly cured, certain 
changes may take place during storage in the stack or mow which 
render the hay toxic when fed to livestock. The resulting disease has 
been referred to as “sweetclover disease.’’ Some studies on the rela- 
tion between the two undesirable characteristics — bitterness and toxic- 
ity — are described in this paper. 


THE SWEETCLOVER DISEASE 


In 1922 Schofield {9Y called attention to a disease in cattle charac- 
terized by low clotting power of the blood and the development of 
extensive hemorrhages which were usually fatal. He showed the 
causal relation of the feeding of spoiled sweetclover hay or silage. 
Since that date, numerous reports of the occurrence of the disease 
have appeared. A careful series of studies on the pathology and 
therapy in cattle was made by Roderick and Schalk (8) with observa- 
tions on the malady in other livestock. Roderick (7), working on 
cattle, has shown that in this disease the low clotting power of the 
blood is the result of a deficiency of prothrombin — one of the con- 
stituents of the blood essential for clotting. This finding has re- 
cently been confirmed by Quick (5) on rabbits by the use of the tech- 
nique of Quick, Stanley-Brown, and Bancroft (6) for prothrombin 
determination. 

Cannon and Greenwood (4) observed in rabbits a lowering of the 
calcium content of the blood on a diet of well-cured sweetclover hay 
and suggested that hemorrhage in sweetclover disease may be linked 

1 Received for publication February 7, 1938: issued August 1938. Contribution from the Department 
of Genetics (Paper No. 225), Wisconsin Agricultural Experiment Station, in (cooperation with the Division 
of Forage Crops and Diseases, Bureau of Plant Industry, IT. S. Department of Agriculture. Cooperative 
investigations with the biochemistry research laboratory, department of agricultural chemistry, Wisconsin 
Agricultural Experiment Station. 

2 The writers are pleased to acknowledge the interest and support of Dr. E A. Holiowell in these studies. 
They are indebted also to Dr. Karl Paul Link for helpful counsel. Dr. W. L. Roberts of the biochemistry 
research laboratory prepareci the eoumaric acid, melilotic acid, and melilotie acid lactone used in the ex- 
periments. In the preparation of the melilotic acid lactone the cooperation of Dr. Homer Adkins in the 
catalytic high-pressure hydrogenation of eoumarin is gratefully acknowledged. 

3 Italic numbers in parentheses refer to Literature Cited, p. 153. 
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with the decline in serum calcium. In testing this point with cattle, 
Bropi, Savage, and Kobinson {S) found that variations in blood 
calcium and phosphorus were not significant either when the animals 
were fed well-cmed sweetclover hay or when the clotting power of the 
blood was low following a feeding period on a known toxic sweetclover 
hay. 

MATERIALS AND METHODS 

In tlie present studies rabbits were used exclusively. The rabbit 
consumes a small amount of feed, and as was first noted by Schofield 
{10), gives a prompter response than cattle. The progress of the dis- 
ease has been followed by recording the clotting time of small samples 
of blood taken at intervals during the feeding period. Approximately 
one-half cc of blood is allowed to drop from a freely bleeding incision 
in the marginal vein of the ear into a 50-mm watch glass. Another 
watch glass of the same size is inverted over the first and the time 
required for clot formation is determined by tilting the wmtch glasses 
at 30-second intervals at a laboratory temperature of 23° to 24° C. 
In a normal rabbit a firm clot forms in o to 7 minutes. Young rabbits 
8 weeks old, are much more susceptible than mature animals, but 
among rabbits of the same age a m.arked difference in reaction to 
the toxic principle has been observed.* Some show a prolonged 
clotting time with a small amount of toxic hay, while others show no 
symptoms even on an exclusive diet of toxic hay over a prolono-ed 
period. Further, as Koderick (7) found to be the case with cattle 
there IS no mdication in rabbits of an acquired resistance to the toxic 
principle. One can induce the symptoms of the disease in a suscepti- 
ble rabbit, allow It to recover on a nontoxic diet, and in subsequent 
feecling of the same amount of toxic hay the reaction will be very 
similar, allowance being made for advancing age. For comparisons 
of the relative toxicity of spoiled hays, a group of rabbits is subiected 
to a preliminary feeding test on a known toxic hay in amounts pro- 
portional to the body weight (45 g per 1,000 g of body weight daily) 
and those showmg symptoms promptly in the blood clotting test are 
transferred to nontoxic feed in an early stage of the disease. After 
an interval of several days, they may be used in comparative trials 
ho^xic hay can be prepared by drying to 40 or 50 percent moisture 
freshly cut common sweetclover, stacking it, and covering the piles 
as described ^ below for mdividual tests. In the experiments of 
^ Schalk (<§), the hay was allowed to remain in small 
piles lor 60 days or more. The writers have found, however, that 
the hay may become toxic m a much shorter period; In one test 
290 pounds (green weight)_of Hubam, an annual form of Melilotm 
alba Desr., cut when m midflower, was dried in the sun to 49 per- 
cent moisture, put m a pile in a basement laboratorv, and covered to 
a depth of about 6 mches with slightly wilted third-cutting alfalfa. 
After 8 days the pile was opened and a feeding test begun with two 
mature susceptible rabbits. After 7 days of feeding, one animal 
showed a clottmg tme of 30 minutes as ccmpared with 5 minuteA^t 
the beginning of the test, while the other showed 26K minutes as 
compared with 6 imnutes, indicating a fairly toxic sample of hay 
Another larger pile (400 pounds green weight) was found to be highly 

toxic m a f eedmg test begmnmg 9 days after stacking. No con tim 

CLOVKR disIeas?.' Unpublished.” action of alfalfa against the hemokebagic sweet- 
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tioiis temperature records have been taken in piles of sweetdover 
spoiled under the conditions described above, but observations indi- 
cate that after 5 to 7 days a maximum, temperature is reached. The 
pile then begins to cool. These observations suggest the relation of 
the heating period to the development of toxicity. 


EXPERIMENTAL DATA 

TESTS TO DETERMINE TOXICITY OF SPOILED MELILOTUS DENTATA AND 
HUBAM SWEETCLOVER 

The bitter taste characteristic of common sweetdover seems not 
to have been reported in any other cultivated forage crop of im- 
portance. Likewise, the disease induced by the feeding of spoiled 
sweetdover has not been associated with the eating of any other feed. 
There arises therefore the possibility of some relationship between 
the bitter principle of common sweetdover and the development of 
the toxic principle in spoiled sweetdover hay. An annual form of 
the typically biennial Melilotus dentata (W. and K.) Pars., found to 
be nonbitter in 1933 (1), seemed to offer favorable material to test 
the existence of such a relationship. Comparisons have been inade 
of the toxicity of spoiled hay of the annual M, dentata and Hubam. 

A preliminary test made in 1934 was inconclusive because of the 
small amount of hay available and the moldy and resulting unpalatable 
nature of the nonbitter hay. In this trial, however, the Hubam was 
found to be toxic and the nonbitter to be nontoxic. 

Table 1. — Reaction of susceptible rabbits when fed spoiled Melilotus dentata and 
Hubam sweetclover hays prepared m 1935 


Kind of spoiled hay fed 


Rabbit 

No. 


Period on 
diet 


Weight 


Period on 
diet 


Blood-co- 

agulation 

time 


Hubam 

Do,-.., — - 

M. dentota 

,'Do, - 

Hubam. 

Hubam plus 30 g mixed grain daily 


1 34~R-4 

2 27~A-3 

17-A-5 

40-R-4 

3 ^ 17-A-5 

3 5 40_E_4 


Days 


Grams 
2, 170 

1,910 
1, 859 

2, 235 
2, 211 
2,235 ! 
2,213 

2, 262 
2. 192 
2,125 
1,819 
2,213 i 
- 2, 203 I 


Days 


Minnies 
. 5 
12 
5 

1514 „ 
34 
5 

5 

6 
6 

514 

.m 

m : 

. 5 

■ ,6 

'-■■614 

1334 

■ 4' 

. ■ 7: ^ 

18 


5 Dead on morning of the sixth day from a typical ear hemorrhage. 

2 Died on the seventh day with severe hemorrhage into the lung cavity. 
3 17-A-5 and 40-R-4 on Hubam after a 21-day period on M. dentata, 

^ Died on the seventh day with severe intestinal hemorrhage. 

5 On tenth day transferred to nontoxic feed. 


In the 1935 season 400 pounds (green weight) of Hubam in full 
bloom and a similar amount of the nonbitter annual in early bloom 
were cut and allowed to dry in the field until the moisture content 
was 52 percent for the Hubam and 47 percent for A/eKZote dentata. 
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A pile of eacli was made in a basement laboratory. Both stacks were 
covered with paper, bmlap, and canvas and in both vigorous heating 
took place. tVlien opened for feeding after 9 days, both hays were 
brown with only limited amounts of mold growth. The hays were 
then fed ad libitum to four rabbits (two for each pile), with the results 
shown in table 1. 

It is apparent from the data in table 1 that the Hubam sweetclover 
was highh" toxic, inducing a significant increase in the time of blood 
clotting on the fourth day and killing the two rabbits (34"-E-4 and 
27-A~3) on the sixth and seventh day, respectively. In contrast, the 
blood of rabbits on the nonbitter sweetclover (Melilotus dentata) 
remained normal over a feeding period of 21 days. At the conclusion 
of the initial feeding period the two surviving rabbits were transferred 
from M. deniata hay to Hubam to verify their susceptibility. Of the 
two rabbits, 17~A-5 consumed daily during the 21-day period amounts 
of M. dentata hay comparable to that eaten by the rabbits on Hubam 
and maintained its weight throughout; a blood-clotting time of 15)^ 
minutes on the fifth day of the Hubam diet and the death of this rabbit 
on the seventh day (table 1) demonstrate its susceptibility. On the 
other hand, 40--E~-4 ate somewhat less M dentata than the rabbits on 
Hubam and lost some weight during the feeding period. To com- 
pensate for this smaller consumption of nonbitter hay, when spoiled 
Hubam was fed, 40~R-4 received daily 30 g of mixed grain and it was 
estimated that by this means the amount of Hubam ingested daily was 
less than the daily amount of the nonbitter hay. Nevertheless, 
40~R-4 showed a clotting time of 18 minutes after 10 days of feeding' 
indicating its susceptibility to the toxic principle. / 

A quantity of hay from an additional larger stack of Melilotus 
dentata sweetclover (800 pounds dry weight) which had undergone 
a satisfactory spoilage was fed to two additional susceptible rabbits 
over a 48-day period with no indication of any change in the clotting 
power of the blood. 

In each test, the common bitter sweetclover, when spoiled, became 
toxic while the spoiled Melilotus dentata showed no indication of 
toxicity. ^ Even a low level of toxicity would have been revealed since 
the clotting time of the blood was determined at intervals during the 
feedmg period. There is therefore substantial evidence that the non- 
bitter M, dentata does not become toxic when the hay is stacked with 
a relatively high moisture content. This finding adds weight to the 
that the bitter principle of common sweetclover is causally 
related to the development of toxicity in spoiled hay. 


THE RELATION OP COUMARIN TO TOXICITY 

Couniarin is responsible, in part at least, for the bitter taste of 
coi^on sweetclover. It has recently been shown by Brinl? and 
Roberts {2) that the nonbitter species, Melilotus dentata, does not con- 
tain this compoimd in measurable amount in the vegetative tissues 
although small amounts were found in the seeds. Because of the 
absence^ of rueasurable amounts of coumarin in A/, dentata hay and 
the non toxicity of the spoiled hay, a relationship is suggested between 
the_presence of coumarm and the production of the toxic principle in 
spoiled common sweetclover hay. ^ - 
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Coiiinarin apparently does not induce the sweetclover disease* 
Roderick and Sclialk (<?)^ administered coumarin in capsules to rab- 
bits and none of the animals showed the typical symptoms of the 
disease. Furthermore, large numbers of cattle and other susceptible 
livestock when on sweetclover pasture or on well-cured sweetclover 
hay ingest daily considerable quantities of coumarin with apparently 
no effect on the clotting power of the blood. Likewise considerable 
quantities of spoiled alfalfa are eaten annually by cattle with no 
clear evidence of the occurrence of this disease. As described in detail 
below, coumarin was added to alfalfa, the mixture was allowed to 
spoil, and the resulting product was fed to rabbits. 

On October 19, 1935, a lot of 500 pounds (green weight) of freshly 
mown third-cutting alfalfa was spread out in a greenhouse and with 
frequent turning was allowed to dry to approximately 50 percent 
moisture. It was then put through a silage cutter, and when taken 
to a basement laboratory was divided into two equal portions, one of 
which was piled up without further treatment. The other was spread 
out and 1 pound of coumarin ground in a ball mid was added by sift- 
ing through an 80-mesh screen; this amount gave a concentration of 
coumarin of 1.4 percent on the dry- weight basis — a percentage com- 
parable to that found in sweetclover tissue. The alfalfa was turned 
frequently while the coumarin was being added. It was then piled 
up and both lots were covered with paper, burlap, and canvas. 
Strong heating developed rapidly in the control pile and in 3 days 
vigorous mold growth was apparent. The covering was removed 
from this material after 8 days. The alfalfa to wliich coumarin had 
been added heated more slowly, and even after 7 days no mold 
growth was apparent microscopically. Because of the writers’ early 
experience of the low palatability of moldy sweetclover, the heavily 
molded alfalfa was not saved for feeding. In the control pile the 
mold infestation was so severe that the amount of mold-free hay was 
insufEcient for a critical test of toxicity, but in the alfalfa treated 
with coumarin only small amounts of moldy hay were noted towards 
the outside of the pile. Two susceptible rabbits, fed for 10 days on 
the spoiled coumarin-treated alfalfa (table 2), showed clear-cut S3unp- 
toms of the disease, indicating that coumarin plays a role in the 
development of toxicity. 


Table 2. — Reaction of two susceptible rabbits fed spoiled coumarin-treated alfalfa 

prepared in 1935 


Kind of hay fed. 

Rabbit no. 

Period on 
diet 

Blood-coag- 

ulation 

time 



Days 

, Minutes ■ 



f 0 , 

6 

Spoiled coumarin-treated alfalfa 

29-A-2 

1 9 

I7H 



1 10 

.47 



0 

6 

Dg..,.-...-.-, 

i6-A”4 

1 9 

' 41' 



1 10 

i 60+ 



1 0 

■ 7 

. W ell-cured .alfalfa ...» 

i, : 27-A-2 

9 

■ ,'6'. 



1 10 

.:. 7". 
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FEEDING OP MELILOTIC ACID AND COUMARIC ACID 

It lias been pointed out above that coumarin does not induce the 
sweetclover disease but alfalfa treated with coumarin and allowed to 
spoil does become toxic. There is the possibility, therefore, that 
diiriiig spoilage coumarin is converted into a closely related compound. 
Two such compoiinds, inelilotic acid and coiimaric acid, which are 
present in relatively small amounts in sweetclover, were prepared and 
each was fed in capsules to two susceptible rabbits oyer a period of 
33 days. A mixed grain and alfalfa hay were fed ad libitum. Dur- 
ing the first 3 days each of the four rabbits received 0.1 g of compound. 
The amoimt was*^ increased every 3 days until on the fifteenth day each 
received 0.75 g and by the thirtieth day, 1.5 g. The blood of the four 
rabbits, which was teked at intervals of a few days during this period, 
remained normal throughout. If all the coumarin in sweetclover 
tissue were converted during spoilage into inelilotic acid or coumaric 
acid, the amoimt of each would rarely exceed 1 percent of the dry 
tissue. An animal consuming 75 g of hay daily would not absorb 
an amount of each compound greater than 0.75 g daily. Further, 
clear-cut symptoms of the disease can be detected after 5 days of 
feeding on* a sample of sweetclover hay of moderate toxicity. One 
can conclude, therefore, that the amounts of inelilotic acid and cou- 
maric acid are adequate and that neither ^ compound is directly 
responsible for the symptoms of sweetclover disease. 

A difference was observed between the effect of coumaric and of 
inelilotic acid on the animals. The two rabbits receiving couinaric 
acid had a normal appetite during the feeding period and maintained 
their weight, one of the rabbits at the end of the 33-day period 
weighing only 34 g less than at the beginning of the period, while the 
other weighed 17 g more. In contrast, the animals receiving melilotic 
acid showed signs of digestive disturbance by the fifteenth day, con- 
suming decreasing amounts of grain ration. Alfalfa was being fed 
ad libitum and no weighings were made. It was apparent, however, 
towards the end of the feeding period, that both animals ate only the 
stems and refused the leafy part of the forage. One rabbit with an 
initial weight of 2,665 g lost 739 g in 33 days and the other with an 
initial weight of 2,324 g lost 452 g. 

ADDITION OF MELILOTIC ACID LACTONE TO ALFALFA BEFORE SPOILAGE 

The toxicity of alfalfa treated with coumarin before spoilage has 
already been mentioned. Since melilotic acid occurs in sweetclover 
in appreciable amounts and coumarin is fairly readily converted into 
melilotic acid in vitro, an attempt was made to determine whether 
melilotic acid plays a role in the development of the substance or 
substances responsible for the diminution of the prothrombin in the 
blood of animals afflicted with sweetclover disease. For an adequate 
test an amount of acid in excess of 1 pound was required. Since the 
lactone form can be prepared in quantity more readily than the free 
acid, the former was used in this experiment. 

A quantitj of third-cutting aM was mowed on October 6 and 
dried down in the field to 48 percent moisture. It was then chopped 
in a silage cutter, taken to a basement laboratory, and put in three 
equal lots, each lot containing 210 pounds of partially cured hay. 
The first lot was left im treated; the second received 646 g of coumarin 
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as described in the earlier experiment; the third was treated with 
655 g of melilotic acid lactone applied to the hay as a fine spray while 
the hay was being turned. All lots were piled and coverecl as earlier 
described. The temperature rose in the control pile more rapidly 
than in the other two. The control pile was likewise the first to 
begin cooling oft*. Although no temperatures were recorded during 
the heating period, it was estimated that all three piles heated to a 
similar degree. After 14 days all piles were opened and the tem- 
perature towards the center of the pile recorded; in the alfalfa plus 
coumarin lot, it was 42.25° C., in the alfalfa plus melilotic acid lactone 
47.5°, and in the control pile 37.5°. The portions of hay having a 
heavy mold infestation, which was most abimdant on the control pile, 
less on the plus lactone pile, and slight on the plus coumarin, were 
discarded; the remainder — with the exception of the bottom of each 
pile — was spread out to dry at room temperature^ with circulating air. 
When fed to susceptible rabbits, each rabbit received hay in amounts 
proportional to body weight. The results of the feeding tests are 
shown in table 3. 

The absence of toxicity on the untreated but spoiled alfalfa in 
table 3 is in agreement with the results of farming practice wherein 
annually considerable quantities of brown or moldy alfalfa are fed to 
cattle with no indication of the symptoms of sweetclover disease. 
The increase in the clotting time of the blood of the two rabbits fed 
alfalfa treated with coiimarin confirms the results of the experiment 
of 1935- The association of coumarin with the alfalfa tissue during 
spoilage in some way leads to the development of the toxic principle. 
There was no indication of any toxicity in the alfalfa treated with 
melilotic acid lactone. Although one test cannot be considered con- 
clusive, the fact that the hay treated with lactone was part of the 
same lot of chopped hay used for the test with coumarin, and after 
treatment was kept under conditions as nearly as possible the same 
as the toxic coumarin-treated material, suggests that melilotic acid 
lactone is not a factor in the development of toxicity. 


Table 3. — Reaction of susceptible rabhiis fed alfalfa treated with coumarin and with 
melilotic acid lactone prior to spoilage 


Kind of spoiled hay fed 

Babbit 

no. 

Period 
on diet 

Blood- 

coagula- 

tion 

time 

Kind of spoiled hay fed 

Babbit 

no. 

Period 
on diet 

Blood- 

coagula- 

tion 

time 



Daps 

Minutes 



Days 

Minutes 



f 0 

734 



f 0 

63f 

Alfalfa alone J 

53-F-5 


61/2 

Alfalfa plus coumarin... 

S-50 


16 



1 7 

6 



1 7 

15 . ^ 




6 

Alfalfa plus melilotic 


f 0 

. . '634 


54-F -1 

1 5 

6 

arid lactone 

SO-S-S 


6 



1 7 

634 



1 7 

■■ 6 ' 



f 0 

6 



[ 0 

6 

Alfalfa plus coumarin,. „ 

53-F~f) 

1 ^ 

IS 



S-48 

[ 5 

'■ ''a 



1 7 

12 



1 7 



DISCUSSION AND CONCLUSIONS 

The widely accepted view that the characteristic bitterxiess of the 
common sweetelovers is basically attributable to coumarin has been 
.strengthened by the discovery of a nonbitter Melilotus species of 
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wliicli the vegetative parts are coumarin-free. It is now shown that 
the presence of coumarin in sweetclover has an even wider signifi- 
cance. Not only does the substance contribute to unpalatibility but 
it also gives rise to the toxic condition in spoiled hays associated with 
the so-called sweetclover disease in livestock. 

Two lines of evidence are brought forward showing that the disease- 
inducing property of certain sweetclover hays results from the cou- 
niariii present in die fresh material. Recognition of Melilotus dentata 
as a sweetclover whose vegetative parts are free of coumarin provided 
the basis for one approach to the toxicity problem. Supplementing 
the evidence from this source are the results of experiments involving 
the addition of coumarin to partially cured alfalfa hay. 

The toxicity of the various diets employed was measured by the 
change in time required for blood clotting in rabbits shown to be 
susceptible by a preliminary test. ^ 

Using hays prepared in two different years under conditions favor- 
able to vigorous heating, direct comparisons were made between the 
disease-inducing capacity of an annual form of common white sweet- 
clover and ixmmtil Melilotus dentata. The evidence shows that only 
the common sweetclover becomes toxic, the spoiled M. dentata hay 
failing to alter the blood-clotting time even with prolonged feeding. 
There is thus established within the genus Melilotus itself a parallel 
between the presence of coumarin and the capacity to become toxic. 
It would appear from these results that the absence of coumarin in 
the vegetative parts of M. dentata is the explanation both for the non- 
bitterness of the species and the nontoxicity of its spoiled hays. 

Confirmation of this view is found in the results of further feeding 
experiments in which alfalfa was treated with coumarin. Roderick 
and Schalk (<S) have already shown by feeding trials with rabbits that 
coumarin as such is not toxic, a finding which is in accord with the 
general observation that cattle ingesting considerable amounts of the 
substance on sweetclover pastures do not develop the disease. Nor 
is the feeding of spoiled alfalfa hay known to affect the clotting 
power of the blood. In the present experiments a markedly toxic 
preparation was obtained, however, by adding coumarin to alfalfa 
dried to approximately 50 percent moisture and allowing the mixture 
to heat. The time required for the blood to clot increased from 6 
minutes to 47 and 60-h minutes, respectively, with the two rabbits 
fed for 10 days on this material. This result establishes a direct 
relationship between the presence of coumarin and the development 
of toxicity in a spoiling hay. 

The factor immediately responsible for sweetclover disease remains 
to be worked out. It is shown in the present investigations that the 
toxicity may arise within 7 days in a vigorously heating sample of 
common sweetclover hay. The inference is that some change involv- 
ing coumarin occurs during the fermentation period which gives rise 
to a substance in the hay having a destructive effect on prothrombin 
in the ^ animal. Melilotic acid and coumaric acid are found to be 
nontoxic so that a transformation of coumarin into either of these 
closely related compounds during the heating period would not explain 
the disease-producing property of the spoiled hay. It was likewise 
found that dhe addition of melilotic acid lactone to alfalfa preceding 
spoilage failed to render [ the hay toxic. As a working hypothesis 
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it may be suggested that coumarin interacting with another constit- 
uent or constituents of the plant tissue common to both sweetcloYer 
and alfalfa, under moisture and temperature conditions fayorable for 
spoilage, gives rise to a specific toxic substance. 

These findings are of significance in the improvement of sweetclover 
as a forage plant. The evidence clearly points to the conclusion that 
bitterness and toxicity have a common basis in coumarin. Eeduction 
of coumarin content by breeding or the discovery of coumarin-free 
forms offers the possibility not only of improving palatability but 
also of removing the hazard associated with the feeding of spoiled 
sweetclover hays. 

SUMMARY 

Melilotus alba, a bitter sweetclover, on being stacked at about 50 
percent moisture and allowed to heat, gives a hay which, when fed to 
rabbits, induces a condition characteristic of the so-called sweet- 
clover disease in cattle by markedly lowering the clotting power of the 
blood. 

Parallel tests with Melilotus dentata, a sweetclover which has re- 
cently been recognized as being nonbitter, show that this species 
does not become toxic on being similarly spoiled. 

Neither spoiled alfalfa hay nor coumarin appears to modify the 
clotting powder of the blood. If, however, coumarin is mixed with 
partially cured alfalfa hay containing about 50 percent moisture, the 
mixture on being allowed to heat becomes distinctly toxic. 

Melilotic acid and coumaric acid, compounds closely related to 
coumarin, are like the latter substance in that they do mot induce 
sweetclover disease on being fed to rabbits. 

In one test melilotic acid lactone added to alfalfa before spoilage, 
contrary to the behavior of coumarin, did not induce toxicity. 

It is tentatively suggested that coumarin interacting with another 
constituent or constituents of the plant tissue, under conditions favor- 
able for spoilage, gives rise to a specific toxic substance wlxich is re- 
sponsible for the sweetclover disease in animals. 

Since coumarin appears to be a basic factor in both bitterness and 
toxicity, the development of nonbitter forms of sweetclover gives 
promise not only of improving the palatability of this plant but also 
of eliminating the hazard associated with the feeding of improperly 
cured hay. 
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CYTOLOGY OF TWIN COTTON PLANTS^ 

By J. M. Webber 

Associate cytologist, Division of Cotton and Other Fiber Crops and Diseases, Bureau 
of Plant Industry, United States DepartmeM of Agriculture 

INTRODUCTION 

The occurrence of polyembryonic cottonseeds was j&rst reported by 
Harland (5).^ He found that seeds with two embryos occur sporad- 
ically in several strains of cultivated American cottons. Of such pairs 
of embryos, some gave rise to pairs of identical diploWs; others to 
pairs consisting of one haploid and one diploid. In sea-island cottons 
Harland raised 16 pairs to maturity, of which 14 were haploid-diploid 
twins. Harland also reported haploid-diploid twins in upland cottons 
and in strains of Gossypiu7n hirsutumXO, barbadense ancestry. 

Harland found that haploids from particular strains of sea-island 
cottons were somewhat female-fertile. One haploid was unusually 
fertile when pollinated with pollen from Asiatic and wild American 
cottons, as well as with pollen from normal sea-island cotton. Other 
sea-island and upland haploids were found to be sterile. None of the 
haploids formed viable pollen. 

The writer is unaware of any reports upon the cytology of cotton 
twins. Statements concerning the cytology of cotton haploids appear 
to be limited to the following: (1) Harland^s (2) mention of Skovsted^s 
discovery that “man cotton^ ^ is a haploid possessing only 26 chromo- 
somes in somatic cells, (2) Skovsted’s (4) report of a few trisomes in a 
haploid New World cotton, and (3) Harland’s (3) statement to the 
effect that crosses of 13-chromosome Asiatic or of 13-chromosome 
wild American species with both haploid and diploid sea island are 
apparently identical. Such phenotypic expression, in conjunction with 
the relatively high female fertility of particular haploids, probably 
indicates that these haploids form a considerable number of unreduced 
gametes with 26 chromosomes. 

OBSERVATIONS 

TYPES OF TWINS 

At the Kiibidoux Laboratory, Kiverside, Calif., within the past 
3 years, four polyembryonic cottonseeds have been recorded during 
germination experiments. Each seed gave rise to two seedlings. The 
seedlings proved to be two pairs of diploid twins, one pair of which was 
conjoined; one pair of haploid-diploid twins; and one a diploid, the 
twin of which died in the seedling stage before cytological material 
could be obtained. 

1 Received for publication October 5, 19.37: issued AugUvSt 1938, 
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DIPLOID TWINS 

One pair of identical diploid twins was derived from an extra large 
seed occurring in third-generation selfed seeds of the red variation of 
Acaia cotton" (Oossypium hirsututn L., No. W64). The twins were 
raised to maturity.' They proved to be practically indistinguishable 
from each other and their parent. Likewise the meiotic chromosome 
behavior of the twins and their parent was nearly identical and 
similar to that of other species of cultivated American cottons (6). 
Although the tvdns generally formed 26 bivalent chromosomes during 
the first metaphase, occasionally 1 or 2 and rarely 3 quadrivalents 
occurred. First anaphase disjunction was normal, except for an 
occasional lagging bivalent. Second metaphase plates usually con- 
tained 26 chromosomes, though rarely one plate of a microspore 
with 1 or 2 chromosomes less than the haploid number occurred. 

The second pair of diploid twins occurred in an F 2 generation of a 



Figure l.—Oossypium mnking X O', thurberi, F 2 , conjoined diploid twins: A, Germinated seed with two 
radicles; JS, young seedlings with conjoined cotyledons and hypocotyls. X 4. 


hybrid between Oossypium nanking Mejen (7^=13) B^nd G, thurberi 
Tod* (n=13). The parent of these twins formed an average of 25.6 
univalents and 0.2 bivalent chromosomes (7) during meiosis. It was 
practically sterile, forming only two open-pollinated or parthenogenic 
seeds. Upon germination, one of these seeds formed two radicles 
(%. 1, .4). In the cotyledon stage (fig. 1, B), it was evident 
that the seed had given rise to conjoined twins. Each of these 
twins had one cotyledon and shared the third, which was slightly 
below the other two. Their hypocotyls were united at the base of 
the two upper cotyledons and for fully a quarter of an inch toward 
the roots. As the twins grew, two buds were formed, one at the base 
of each free cotyledon. The buds developed into shoots approximately 
2 inches long with several leaves, when the roots of the twins became 
diseased and the plants died. ^ 

A cytologiGal examination of the root tips of the twins during the 
cotyledon stage revealed that each possessed 26 somatic chromosomes. 
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HAPLOID-DIPLOID TWINS 

The haploid-diploid twins occurred in a culture of Gossypiurn 
harhadense L. (C. No. 1065). In external appearance the seed 
o;iving rise to the twins was identical with seeds that produced only a 
single plant. The polyembryonic nature of the germinating seed 
was not determinable until the diploid twin had grown well above 
the soil level and its cotyledons had unfolded. At this stage of 
development, a second radicle appeared between the cotyledons 
(fig. 2, A), which proved to belong to a second plant. This plant 
was later determined to be a haploid. 



Figure 'l.—Gossypmin barbademe, haploid-diploid twins. A, Diploid twin with radicle of haploid protrud- 
ing between cotyledons. X Ui. B, Diploid twin: First xnetaphase in pollen mother cell; 26 bivalent 
chromosomes. X 3,375. C, Haploid twin. X O, Haploid twin; First metaphase in pollen mother 
cell; 2 bivalent and 22 univalent cnromosomes. X 3,375. 

The haploid twin (%. 2, J5) differs from the diploid chiefly in its 
dwaiied stature, smaller leaves and flowers, and reduced fertility. 
It has been maintained for 3 years, during which it has set only three 
open-pollinated and one selfed seed. Attempts to produce reciprocal 
crosses between it and several normal cultivated American cottons 
have been unsuccessful. 

The types of meiotic association occurring in the haploid and 
diploid twdns and in the selfed offspring of the former are summarized 
in table 1. In figures 2, 5, and 2, Z>, are shown, respectively, first 
metaphases of the diploid twin having 26 bivalent chromosomes, and 


3 Cotton breeding number. 
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of tlie liaploid twin haying 2 bivalent and 22 univalent chromosomes. 
Out of a group of 35 second-division pollen mother cells of the haploid* 
only 2 exhibited a failure of the reduction division. Each of these 
two cells had a single metaphase plate containing 26 chromosomes. 
Of the highly irregular sporads, 46 percent were tetrads and 6.6 
percent diads. 

The significant meiotic features are the limited chromosome pairino- 
in the haploid, the occurrence of quadrivalents in its diploid twin^ 
and the similarity of type of chromosomal association in the diploid 
twin and haploid offspring. 

Table 1 . — First metaphase chromosome association in pollen mother cells of Gos~ 

sypium barhadense 


Haploid (3065 -h) 

Diploid 1 (1065) 

Diploid 2 (1065-2/?,) 

Association » 

Pollen 

Association 3 

Pollen 

mother 

cells 

Association 3 

Pollen 

mother 

cells 

Type ; , 

Mean 

lllOtlJiLr , 

cells 

Type 

Mean 

Type 

Mean 

2I/+22/.., 

1 0.2//4-25.6/. 

Number 

22 

1 

2 

26j/+0/ 

25//+2/._._.. 

22iif-2jv 

237/-f2/+l/F. 

) 25.66//+ 

\ 0.12/+ 

j 0.14/f 

Number 

44 

2 

3 

1 

26//+0/ 

25//+2/ 

24//+1/7 

22//+2/F 

23//+2/+1/F. 

25.64//+ 

0.16/+ 

0.14/F 

Number 

42 

3 

2 

2 

1 


1 Twin of haploid. 

Offspring of selfed haploid. 

ehro^nosomls^^^ e^dological symbols designating univalent, bivalent, and quadrivalent 


The fourth pair of twins occurred in the same culture as the pre-^ 
ceding haploid-diploid twins. The germinating seed produced two 
I’adicles, similar to those of the identical twins depicted in figure 1 A. 
One of the twins died in the seedling stage and no further study was 
made, except to determine that the remaining plant was a normal 
diploid. 

DISCUSSION 

Harland (^) has suggested that in plants originating from unlike 
chromosome sets polyembrony might arise as a primitive character 
brought into expression by genic disharmony. His suggestion is 
based on the fact that polyembryony in cottons has previously 
been found to occiir only in cultivated American species that are 
possibly allopolyploids. All except one of the four pairs of twins 
recorded m the present report occurred in cultivated American 
cottons, ihat genic disharmony occurred in the parent of the 
exceptional pair of ^ (Gossypium nanking X G. thurberi) is shown 
^ y the tact that it exhibits very little meiotic chromosome coniuga- 
tion and is practically sterile. It is also noteworthy that the parental 
barbadense (C. B. No. 1065), in which occurred 
vSt sterfle^'^™^ recorded here, is a decidedly weak strain and some- 

that in poly embryonic cottons the 
occurrence of haploid-diploid tmns indicates the development of two 
embryos, one from an unfertUized egg alongside its fertilized neigh- 
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bor.” This suggestion is supported by the cytological observations 
of Baranov (i)j who previously reported that Gossypiuni herbaceufn 
frequently forms ovules containing more than one embryo sac. 
Hence, in cases where the meiotic divisions of the parent are normal 
and viable pollen and eggs are formed, Haiiand’s explanation of the 
origin of haploid-diploid and diploid twins is the most logical. How- 
ever, in the formation of diploid G, nanking X G, thurberi twins, it 
appears very unlikely that 13-chromosome twin eggs should be 
formed and fertilized with 13-chromosome sperms. In this case it 
is more likely that the production of the twins involved sporophytic 
budding or diploid parthenogenesis. 

Harland {3) pointed out that in cultivated cottons the degree of 
heterozygosity is so great that no pure lines have ever been produced. 
To obtain approximately homozygous strains, he suggested the use 
of haploids and stated: ‘Tf it were possible * * * to produce 

diploid shoots on the cotton haploids, we should have, ab initio, a 
pure line.'^ As an alternative method of approaching homozygosity 
he suggested repeated matings of a standard haploid with its suc- 
cessive progenies of haploid X diploid. ^ That neither of these metliods 
is likely to produce a pure line is indicated by the chromosome 
pairing in the haploid and the quadrivalent formation in its selfed 
offspring, here reported. Observations of Skovsted (4, 5) and 
Webber {6) have shown that at least four chromosomes within the 
haploid set of all cultivated American cottons are to some extent 
cytologically homologous. It is possible that these chromosomes 
cause haploids to be partly heterozygous and add to the complexity 
of the heterozygotes. 

The limited pairing of chromosomes within the haploid, here 
reported, strongly supports Skovsted’s (5) conclusion that cultivated 
American cottons are allopolyploids. 

SUMMARY 

The following polyembryonic plants are described: (1) Diploid 
twins of Gossypium hirsutum, (2) conjoined diploid twins oi G, nwn- 
kingXG. thurberi Fa, and (3) haploid-diploid twins of G. barbadense. 

The cytology of the twins supports the suggestion that poly embry- 
ony is an expression of genic disharmony between two unlike sets of 
chromosomes. 

The twins of G. hirsutum and G. barbadense probably developed from 
twin eggs, while those of G, nankingXG. thurberi Fa, probably involved 
sporophytic budding. 

The mean chromosome conjugation of haploid G, barbadense 
25.6 Univalents plus 0.2 bivalent; of its diploid twin, 0.12 univalent 
plus 25.66 bivalents plus 0.14 quadrivalent; and of its selfed offspring, 
0.16 univalent plus 25.64 bivalents plus 0.14 quadrivalent. 

Reference is made to the possibility of obtaining homozygous lines 
from haploids. 

Limited pairing of chromosomes in haploid G. supports 

the suggestion that cultivated American cottons are allopolyploids. 
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MOISTURE MOVEMENT IN WOOD ABOVE THE FIBER- 
SATURATION POINT ‘ 

By Louis W. Rees, assista7it forester ^ Minnesota Agricultural Experiment )Station, 
and Stanley J. Buckman, head of research department, American Creosoting 
Co. 

INTRODUCTION 

Free water normally is present in wood at the beginning of the air- 
seasoning process, and also when wood is kiln-dried from the green or 
in some cases from the partly air-seasoned condition. As long as the 
wood contains free water in the cell cavities the movement of moisture 
to the surface may take place in a number of different wurys. It may 
move as free water, as bound liquid, as vapor, or as a result of the 
combined action of any or all of these three possible mechanisms. 

Because of the elimination of the possibility of free water movement 
in wood below the fiber-saturation point, the interpretation of the 
results obtained under these conditions is somewhat simplified. 
Several studies have been made recently of moisture movement 
through wood in which no free water was present. Martley {15Y^ and 
Stillwell (£6) have investigated the movement of moisture through 
wood under conditions producing a more or less constant rate of 
movement. This was done by maintaining a constant high relative 
humidity at one end of the block and a constant low relative humidity 
at the opposite end in conjunction with methods which served to limit 
the moisture flow to one structural direction of the block. The results 
obtained did not indicate definitely the mechanism of moisture move- 
ment, Martley^s analysis of his data showed, however, that a more 
rapid rate of moisture movement was obtained in the radial direction 
of Scotch pine with increasing moisture content of the wood below the 
fiber-saturation point. StillwelFs results indicated that the rates of 
moisture movement in the longitudinal direction of oak and ash varied 
from about one and one-half to seven times those in the radial and 
tangential directions. 

Pidgeon and Maass (16) have studied the movement of moisture 
into small blocks composed entirely of the sapwood or heartwood of 
white spruce. These blocks were dried by prolonged evacuation in 
the presence of phosphorous anhydride and allowed to regain moisture 
at a vapor pressure of 4.58 mm of mercury and a temperature of 23^ C. 
When the moisture movement was confined to the longitudinal direc- 
tion, it was found that the time to half saturation for the heartwood 
Auiried from about two and one-fourth to seven and one-half times 
that for the sapwood ; while for radial movement in the heartwood of 
white spruce the time to half saturation was about two and one-half 
times that for the sapwood. Although direct comparisons were not 

5 Rc'Cfived for ])ublicatioii November 19, 1937; issued August 1938. Paper No. 1526, Scientific Journal 
Series, Minnesota Agricultural Experiment station. 
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possible because the moisture movement did not take place through 
the same thickness of wood, the results further indicated that thevate 
of inoistiire movement in the radial direction was at least 20 times 
that in the longitudinal direction for both the heartwood and sapwood 
of white spruce. Pidgeon and Maass concluded from these results 
that moisture moves in wood below the fiber-saturation point in the 
form of vapor. However, since Pidgeon and Maass subjected evacu- 
ated wood to a definite vapor pressure in the ^ absence of air their 
results are comparable only to pressure-permeability data and do not 
necessarily represent the relative rates of moisture diffusion to be 
expected under the conditions normally employed in seasoning wood. 

In a recent paper, Buckman and Rees (1) concluded that moisture 
moves in wood below the fiber-saturation point predominantly by 
means of a mechanism involving the movement of the moisture 
across the cell cavities in the form of vapor and through the walls in 
the form of bound water. Evidence to support this conclusion was 
found in the fact that a definite relationship existed between the time 
required to gain half-saturation moisture content and the specific 
gravity for both sapwood and heartwood of different kinds of wood. 
Within the limits of the range of the specific gravity of the woods 
studied, this relationship appeared to be linear. However, other 
unpublished data collected by these authors showed^ that a straight- 
line relationship does not hold throughout the entire range of the 
specific gravity of wood, but that the relationship takes the form of an 
exponential function. The authors pointed out and discussed the 
reasons why such a relationship, when considered in the light of other 
available information, supports the predominant operation of a dual 
mechanism consisting of vapor movement across the cell cavities and 
bound liquid movement through the cell walls, in contrast to m.ovement 
predominantly either in the form of vapor or bound liquid alone. 

From theoretical calculations, using the approximate diameter and 
length of a softwood tracheid, the approximate thickness of the cell 
wall, and the relative rates of movement in the radial and tangential 
directions as compared to the longitudinal direction, Buckman and 
Rees {!) found that the relative rates of moisture movement as a 
vapor across the cell cavities and as a bound liquid through the cell 
walls were of the approximate order of magnitude of 100 to 1. 

Tuttle {28)^ Sherwood, and coworkers (5, 5, 18, 19, 20, 21), and 
Luikov {IS) have used the diffusion equation to calculate the rate of 
moisture movement through wood and other solids when these mate- 
rials contained free water. A good agreement was found between the 
calculated and experimental results. However, as Hawley (If) has 
stated, this agreement does not establish that the mechanism of mois- 
ture movement in wood corresponds to the assumptions of simple 
diffusion. Hawley has pointed out that, on the contrary, free water 
would create no potential which would cause it to diffuse from a higher 
to a lower concentration. Hawley explains the evidence of free water 
movement during the drying of some woods on the basis of a quite 
different mechanism involving the capillary forces which are set up in 
the cell cavities and the openings through the pit membranes during 
the drying process. 

Althoughuonsiderable work has already been done on* the move- 
paent of moisture through wood below the fiber-saturation point, this 
information is not necessarily directly applicable to the seasoning of 
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wood as it is done in actual practice, since green wood always contains 
free water wMch must be removed during the seasoning process. 
The purpose of the present paper is to present: (1) Data on the relative 
rates of moisture movement in the different structural directions of 
heartwood and sapwood of different woods containing a maximum 
amount of free water at the beginning of the drying process, and (2) a 
discussion of these data in terms of the predominant mechanism of 
moisture movement in wood above the fiber-saturation point. 

MATERIALS 

Six different kinds of hardwmods and one softwood were used in the 
experiments. These woods were red oak (Quercus borealis Mi- 
chaiix f.), northern bur oak {Q. macrocarpa var. olivaeformis (Michaux 
t), Gray), bitternut hickory (Hicoria cordiformis (Wangenheim) 
Britton)', basswmod (Tilia glabra Ventenat), silver maple (Acer saceha- 
rinuni Linnaeus), hackberry (Celtis occidentalis Linnaeus), and red 
pine (Pinus resinosa Aiton). 

The blocks used in the experiments, 2.5 by 2.5 by 5.0 cm in size, 
were sawed from green logs. The history of the material from which 
the blocks were obtained was known from the time the trees were 
felled until the wood was used. The blocks were cut to conform to 
the three structural directions of the wood and whenever possible 
samples were secured from both the heartwood and the sapwood of 
the same log. 

METHODS 

Immediately after the blocks were prepai'ed, they were slowly dried 
to equilibrium with atmospheric conditions in the laboratory and 
maintained under these conditions until used in the experiment. 
Four blocks then were selected representing each structural direction 
of each of the hardwoods, and five blocks were selected representing 
each structural direction of the one coniferous wood used in the study. 
Blocks representing both the heartwood and the sapwood were selected 
whenever available. In addition, a representative block was selected 
with each group for preliminary moisture determinations. The oven- 
dry weight of each group of four or five blocks then was calculated, 
assuming that the group contained the same moisture content as the 
selected block. 

The blocks representing the sapwood and heartwood of each differ- 
ent kind of wood then were placed in a separate container filled with 
tap water and subjected alternately to a vacuum of about 70 cm of 
mercury and pressure of 3.5 kg per square centimeter for a period of 
about 3 weeks. The water on the specimens was changed frequently 
in order to prevent a possible development of fungi or bacteria in the 
water. After the blocks had been treated in this way for a, bout 
1 week, the green volume of each set of blocks was determined by 
the water-immersion method. From the data thus accumulated, the 
theoretical maximum amounts of moisture which the blocks could 
absorb was calculated by the formula. 

A ^~100 

in which M is maximum percentage of moisture in the wood when all 
of the air space is completely filled with water, S is the specific gravity 
of the wood based on the calculated oven-dry weight and the volume 
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of the wood at a moisture content above the fiber-saturation point, 
anil 1.55 is the density of wood substance. SoaMng of the blocks in 
the manner described above was continued until they had reached 
approximately these calculated maximum moisture contents. 

When the fiocks were saturated, they were removed from the water, 
wiped with a damp cloth, and allowed to stand in the atmosphere of 
the laboratory for about 15 minutes in order to remove most of the 
surface moisture. They then were coated on five surfaces with 16 
coats of vulcanized rubber latex. The end of each block, which was 
to be exposed later, was covered during the coating process with a 
sheet of tinfoil, in order to retard evaporation at the uncoated end. 
After coating, the blocks were returned to the water with the tinfoil 
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Figure L— A verage moisture loss in grams of blocks of red oak heartwood (.4) and red pine heartwood (B) 
when held at 30° C. and 81 percent humidity, the moisture movement having been confined to the three 
structural directions. 


still attached and stored in this manner until the start of the experi- 
ment. At this time^ the blocks wei’e removed and allowed to stand 
in the laboratory for at least 2 hours in order that evaporation of 
water from the surface of the rubber coating could take place. The 
tinfoil then was removed and a rubber band placed around the block 
near the exposed end in. order to prevent the coating from coming 
loose at this place. Each group of blocks was weighed to the nearest 
0.01 and then placed in a cabinet maintained at a temperature of 
30° C. and a relative humidity of 81 percent. At the end of 19.5 
hourSj the groups of blocks were weighed again and the decrease in 
weight was calculated. ^ The weighings were repeated thereafter at 
what appeared to be suitable intervals of time. The entire series of 
blo(‘ks were run at the same time, thereby more or less eliminating the 
influence of any minor fluctuations imteniperatxn'e an^^ humidity on 
the relative nature of results obtaiTied. 

Immediately after the last weights wex’e taken, the rubber coatings 
were removed and the blocks weighed, the weights of the coatings 
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obtained by a subtraction of the results of these two determi- 
nations. The oven-dry weights were determined after the blocks 
luul been dried to a constant weight at atmospheric pressure and a 
temperature of 105° C. From these data, the specific gravities based 
on the oven-dry weight and green volume were calculated. The 
dimensions of the surface exposed during the drying process were 
determined from the resoaked blocks after they had been oven-dried. 

EXPERIMENTAL RESULTS 

The data showing the average moisture loss in grams with time for 
the groups of blocks employed in investigating the moisture movement 
in the three structural directions of the different kinds of wood are 
given in table 1. Eepresentative curves showing these data graphic- 
ally are given in figure 1 . 


Table 1. — Average total moisture loss in grams when the moisture movement was 
confined to the three structural directions of the different woods 





Average moisture loss > when the elapsed time was-— 



Kind of ■\^ood and 
direction 

19.5 

hours 

44 

hours 

74 

hours 

116 

hours 

165 

hours 

236 

hours 

312 

hours 

408 

hours 

572 

hours 

764 

hours 

1,100 

hours 

Ked oak heartwood: 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

Longitudinal 

1.85 

3. 86 

5. 03 

6. 06 

6. 86 

7.78 

8.51 

9. 53 

10. 36 

11. 17 

12. 22 

Radial - 

1. 13 

1. 84 

2.39 

2.98 

3. 49 

4. 16 

4.75 

5. 46 

6.51 

7. 52 

9.03 

Tangential- 

1. 08 

1. 75 

2.24 

2.81 

3. 27 

3. 79 

4. 24 

4. 74 

5. 53 

6.29 

7.46 

Bur oak heartwood; 












Longitudinal- 

1. 33 

3.84 

5. 68 

7.18 

8.15 

9. 16 

9. 89 

10. 70 

11. 70 

12. 4.1 

13. 30 

Radial 

LOO 

1.67 

2.22 

2.80 

3. 37 

4.08 

4.74 

5. 51 

6. 59 

8. 07 

9.24 

Tangential 

. 96 

1.63 

2.14 

2.76 

3. 33 

4. 09 

4. 76 

5. 53 

6.64 

8.51 

9.24 

Hickory heartwood: 












Longitudinal 

1. 55 

3. 79 

5.28 

6. 55 

7.38 

8. 25 

8. 84 

9. 43 

10. 17 

10.74 

11.41 

Radial 

.92 

1.61 

2.11 

2.66 

3. 17 

3. 84 

4.37 

4.98 

5. 95 

6. 83 

8.13 

Tangential 

.82 

1.42 

1.78 

2.28 

2.66 

3. 17 

3.60 

4. 12 

4. 84 

5. 54 

6.55 

Basswood heartwood : 












Longitudinal 

1. 55 

4. 21 

6. 77 

10. 93 

14. 92 

18. 45 

19. 57 

20. 49 

21. 08 

21. 29 

21.35 

Radial 

1.49 

3. 99 

6.15 

8.22 

9. 50 

10.89 

12. 03 

13, 19 

14.78 

16. 19 

18.24 

Tengential--- 

1.76 

4. 53 

7.07 

10. 42 

13. 42 

16, 54 

17.82 

18. 65 

19,52 

20. 07 

20.55 

Silver maple heart- 
wood: 












Longitudinal 

1.48 

3.96 

6.53 

10. 30 

13. 04 

15. 43 

16. 69 

17. 41 

18.12 

IS. 50 

18. 73 

Radial... 

1, 10 

2.28 

3.11 

4.33 

4.88 

5.94 

1 6.86 

7. 93 

9.52 

11.10 

13.21 

Tangential 

1.02 

1.81 

2. 35 

3.02 

3. 55 

4.28 

4.90 

5. 58 

6.59 

7.55 

8.73 

Silver maple sap- 
wood: 












Longitudinal 

1.29 

3.76 

6.08 

9.70 

11.70 

13.62 

14. 81 

15. 66 

16. 45 

16. 97 

17. 17 

Radial-.- 

1.55 

3.87 

5.44 

7.21 

8. 57 

10.20 

11. 55 

12. 90 

14.45 

15. 52 

16.44 

Tengential 

1. 56 

3.43 

4. 48 

5. 60 

6. 35 

7.23 

7.81 

8.45 

9.37 

10. 21 

11.44 

Haekberry heart- 
wood: 












Longitudinal 

Tangential 

2.29 

3. 45 

5.37 

7.84 

9.40 

10.68 

11. 50 

12. 25 

13. 04 

13. 70 

14.33 

1. 49 

2.05 

2.74 

3.50 

4.09 

4.83 

5.45 

6.11 

7. 03 

7.93 

9.20 

Haekberry sapw’ood: 












Longitudinal 

1.46 

3.61 

5. 83 

8.62 

10.89 

12.79 

14. 07 

15. 25 

16. 44 

17. 23 

17.86 

Tangential 

1. 18 

2.08 

2. 77 

3. 57 

4.26 

5.14 

5.92 

6.80 

8. 06 

9.28 

11. 00 

Red pine heartwood: 












Longitudinal 

1. 28 

3. 23 

5. 55 

8.46 

11. 14 

13.27 

14. 31 

15.19 

16. 07 

16. 44 

16.48 

Radial...—.. ... 

.94 

1,87 

2.60 

3. 41 

4.07 

4.90 

5. 64 

6. 48 

7. 74 

9.01 

10. 80 

Tangential-. — -- 
Red ijine sapwood: 

.92 

1, 68 

2.29 

3. 03 

3. 65 

4. 45 

5. 18 

5.98 

7.20 

8. 40 

10. 12 

Ivongiiudinal 

1.83 

3. 55 

5.52 

8. 06 

10.49 

13.38 

15.52 

16. 65 

17.28 

17. 50 

17.52 

.Radial— — — 

1.67 

3. 98 

5.80 

7.67 

9. 17 

10.84 

12. 29 

13. 82 

15. 79 

16. 91 

17.69 

Tangential-- — 

1.07 

1.94 

2.61 

3.40 

4.08 

4-93 

5. 71 

6. 63 

8.01 

9. 40 

11.30 


^ Zero loss at zero hours. 


After curves, similar to those shown in figure 1, had been prepared 
for all of the woods used in the experiments, the rates of moisture loss 
in grams per hour were determined for selected points on each curve 
from mechanically constructed lin having the same slope as the 
tangents at these points- These lines were constructed by erecting a 
perpendicular to the tangent for each selected point on the curve with 
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the aid of a plateglass mirror about 6 inches long and three-quarters of 
an inch high. One edge of the mirror was ground so that the reflect- 
ing surface would stand at right angles to the paper on which the curves 
were drawn. A line having the same slope as the tangent to the curve 



REMOVABLE WATER REMAINING IN THE WOOD (PERCENT) 

Figure 2.'-~Relation between the rate of nroisture loss and the percentage of removable water remaining 
in the wood for the different structural directions of (A) red oak heartwood; (B) bur oak heartwood; (C) 
hickory heartwood; (D) basswood heartwpod. 

at tlie point of intersection of the perpendicular azid the curve then was 
constructed by drawing a Jto at right angles to tlois perpendicular. 

The rates of moisture loss in grams per hour obtained by the above 
method were divided by the average green cross-sectional areas of the 
groups of blocks in order to determine the rates of moisture loss in 
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orams per hour per square centimeter of exposed surface. Shrinkage 
was not taken into account in calculating the rates of moisture loss 
when a portion of the blocks was below the fiber-saturation point. 
However, the magnitude of the difference in amount of shrinkage for 



REMOVABLE WATER REMAINING IN THE WOOD (PERCENT) 

Figure 3 —Relation between the rate of moisture loss and the percentage of removable water remaining 
m the wood for the different structural directions of {A) silver maple heartwood; (B) silver maple sap- 
wood; ( (7) hackberry heart wood; (Z>)hackberrysapwood. 

the different woods when dried to an equilibrium moisture content of 
about 16 percent, is comparatively small. The percentage of total 
reinoyable water which still remained in the blocks then was calcu- 
lated in the case of each point for which the rate of moisture loss was 
determined. The data obtained by the foregoing procedure are shown 
graphically in figures 2 , 3 ^ 
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From curyes given in figures 2j 3, and 4, the following data were 
obtained: (1) Tlie rates of moisture loss during the constant rate 
pc^iiod, (2) the percentages of total removable water remaining in the 
wood at the critical point, which will be referred to in the subsequent 
discussion as 'hhe critical moisture content/’ and (3) the rates of 
moist mv loss when 50 and 25 percent of the total removable water 
still remained in the wood. These data, the specific gravity of the 
various woods, and the ratios between the rates of moisture loss for 
movement in the different structural directions of the clitferent woods 
when 50 and 25 percent of the total removable water still remained in 
the wood, are given in table 2. 

Table 2. — Sinnmary of the results for moisture movement in the 3 structural 
d/irections of the differ e7it kinds of wood 


Kind of wood 


Water loss per hour 
per square centi- 
meter of exposed 
surface during the 
constant rate pe- 
riod 


Percentage of 
total remov- 
able water in 
the wood at 
the critical 
moisture 
content 


Water loss per hour 
per square centi- 
meter of exposed 
surface when 50 per- 
cent of the remov- 
able water remain- 
ed in the blocks 



Longitu- 

dinal 

3 

■S 

Ph 

Tangen- 

tial 

Longitu- 

dinal 

Radial 

Tangen- 

tial 

Longitu- 

dinal 

Radial 

Tangen- 

tial 

Longitu- 

dinal 

Radial 

Tangen- 

tial 

Red oak heartwood... 

0. (520 

0. 605 

0. 581 

Grams] 
0. 01399 

Grams 

C) 

Grams 

0) 

Pet. Pet. 
77.5 (1) 

Pet. 

(1) 

Grams 
0. 00195 

Grams 
0. 00083 

Grams 
0. 00050 

Bur oak heart wood 

. 575 

. 560 

.590 

. 01320 

(U 

0) 

72.0 0) 

C) 

. 00341 

. 00063 

. 00063 

Hickory heart wood i 

. 632 

. 654 

.643 

. 01270 

0) 

0) 

75.0 (1) 

(^) 

. 00288 

, 00058 

. 00043 

Basswood heartwood. 

.367 

. 357 

. 375 

. 01440 0. 01480 

0. 01440 

40.0 80.0 

59.0 

. 01440 

. 00286 

. 01170 

Silver maple heartwood.-. 

.437 

.448 

. 475 

. 01420 

0) 

(^) 

54.2 (1) 

(B 

. 01275 

. 00113 

. 00050 

Silver maple sapwood 

.493 

! .477 

.468 

. 01280 

. 01260 

. 01320 

58.7 81.5 

81.5 

. 01000 

. 00348 

. 00099 

Hackberry heartwood 

.550 

i ( 2 ) 

. 528 

.01210 

{») 

(0 

64.8 (1) 

(1) 

. 00577 

( 2 ) 

( 2 ) 

.00057 

Hack berry sapwood 

,468 

( 2 ) 

.474 

.01237 

0) 

(0 

63.3 (1) 

(0 

. 00667 

. 00086 

Red pine heartwood 

. 361 

.363 

.374 

,01173 

0) 

(U 

48.0 (1) 

(1) 

. 01173 

. 00090 

. 0006S 

Red pine sapwood 

.412 

. 405 

. . 416 

.OHIO 

, 01045 

0) 

50.0 70.0 

(0 

.OHIO 

. 00442 

.00112 

Average 




. 01285 

, 01262 

. 01380 







Kind of wood 

Comparative rates of 
moisture loss in the 
different structural di- 
rections, when 50 per- 
cent of the removable 
water remained in 
the block 

Water loss per hour per 
square centimeter of 
exposed surface when 
25 percent of the re- 
movable water re- 
mained in the blocks 

Comparative rates of 
mositure loss in the 
different structural di- 
rections, when 25 per- 
cent of the removable 
water remained in the 
block 



Longitu- 
d i n a 1 
Tangen- 
tial 

Radial 

Tangen- 

tial 

Longitu- 

dinal 

Radial 

Tangen- 

tial 

Longitu- 
d i n a 1 
Radial 

Longitu- 
d i n a 1 
Tangen- 
tial 

R a d i al 
Tangen- 
tial 





Grams 

Grams 

Grams 


Red oak heartwood 

2.3 

3.9 

1,7 

0. 00058 

0. 00038 

0.00022 

1.5 2.6 1.7 

Bur oak heartwood.. 

5.0 

5.0 

1. 0 

.00076 

. 00026 

.00026 

2.9 2.9 1.0 

Hickory heartwood. 

5.0 

6. 7 

1.3 

.00050 

. 00022 

. 00017 

2.3 2.9 1.3 

Basswood heartwood,-... 

5.0 

1.2 

.2 

.00760 

. 00099 

.00466 

7.7 1.6 .2 

Silver maple heartwood...,. 

11.3 

25. 5 

2.3 

. 00493 

. 00056 

. 00025 

8.8 19.7 2.2 

Silver maple sapwood 

2.9 

10.1 

3.5 

. 00323 

. 00138 

,00028 

2.3 11.5 4.9 

Hackberry heart wood ...... 

( 2 ) 

10.1 

s ( 2 ), 

.00128 

( 2 ) 

. 00015 

( 2 ) 8.5 ( 2 ) 

1 lackherry sapwood. 

( 2 ) 

7.8 

; ( 2 ) 

. 00198 

( 2 ) 

.00034 

( 2 ) 5.8 ( 2 ) 

Red pine heartwood-... 

13.0 

17.2 

1.3 

.00378 

.00037 

.00027 

10.2 14.0 1.4 

Red pine sapwood ......... 

2.5 

9.9 

4.0 

. 00442 

. 00182 

. 00053 

2.4 8.3 3.4 

Average. ............. 

5.9 

9.7 

1.9 


0 

00 

QO 


5 Xo ciaistant rate period or critical moisture content observed. 

^ Xu samples in which the moisture movement was confined to the radial direction. 
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A curve showing the relationship between the specific gravity and 
the critical moisture content for moisture movement in the longitudinal 
(lireetk)]! of the different woods is given in figure 5. Figure 6, A 
iiiul shows the relationship between specific gravity and the rates 
of moisture loss when 50 and 25 percent of the total removable water 
rtMuained in the wood. The curves given in figures 5 and 6 were 
lilted to the data by the method of least squares. It was decided 
that a straight line would best fit the data given in figure 5. In order 
to determine the type of equation which would best express the data 
given in figure 6^ the various points for the rates of moisture loss in 
the longitudinal direction when 60 percent of the to tab removable 
water still remained in the woody were plotted on logarithmic and 



semilogarithmic paper. A straight line was obtained on semi- 
logarithmic paper, when the rate of moisture loss was expressed as the 
depeiident variable and as a logarithmic function. The general 
equation which expresses such a relationship is 

in which, F is the rate of moisture loss, X is the specific gravity, a is a 
constaiit, and 6 is the slope of the straight line. It was assumed that 
the same general type equation would express the relationship between 
the rate of moisture loss and the specific gravity of the wood when 
the moisture nmvement was confined to the radial and tangential 
directions. This assumption also was used in deriving the equations 
for the curves showing the relationship between rate of moisture loss 
and specific gravity when 25 percent of the total removable water 
still remained in the wood. 
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DISCUSSION OF RESULTS I 

Sherwood (18), in some of his early papers on the drying of solids, 
discusses three possible mechanisms by which the water in a solid 
may diffuse to the surface and out into the surrounding atmosphere. 
These general mechanisms of drying (18, p. 976) are: 

I. — Evaporation of the liquid at the solid surface; resistance to internal diffusion 
of liquid small as compared with the resistance to removal of vapor from the 

surface. , ^ . 

Ij,„_-Evaporation at the solid surface; resistance to internal diffusion of liquid 
great as compared with the resistance to removal of vapor from the surface. 

— Evaporation in 
the interior of the solid; 
resistance to internal 
diffusion of the liquid 
great as compared with 
the total resistance to 
removal of vapor. 

Fisher (5, 6) in some 
of his early work on 
the drying of solids, 
concluded that the 
drying curves he ob- 
tained for wool, sand 
clay,^ and wood were 
divisible into three or 
four parts. Sher- 
wood and CO workers 
(S, S, 18, 19, 20, 21) 
and Luikov {13) have 
studied the drying of 
numerous solids from 
the standpoint of the 
foregoing theoretical 
considerations given 
by Sherwood {18, pt. 
2) and have pre- 
sented detailed math- 
ematical analyses of 
the results obtained. 
They concluded that 
the drying curves for 

''O.O 0.2 0.4 0.6 0.8 1.0 the solids used in their 

SPECIFIC GRAVITY studies generally were 

Figoee 5. — Relation between the specific gravity and the critical mois- divisible into three 
ture content of the different woods when the moisture movement 7-40 rf-a TTv-nldno tiA-na 
was confined to the longitudinal direction. paitS. mxpidnations 

were given in each 

case for the existence of the different portions of the drying curve. 
The materials investigated included wood, whiting slabs, soap slabs, 
compressed wood pulp, newsprint paper, brick clay, bagasse fiberboard, 
and peat. 

Sherwood and coworkers and Luikov explain that, when the solid 
is very wet, the rate of moisture loss from the surface is similar to 
that from a free water surface; therefore, under constant drying con- 
ditions, the rate of drying remains constant. During this period, the 
controlling factor is the rate of evaporation through the surface air 
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film. As drying continues, a critical point eventually is reached on 
the drying curve where the rate of moisture loss begins to decrease, 
and the range from this point to the equilibrium moisture content is 
called the ''falling rate period/' As previously stated, the falling 
rate period was found to be divisible into two distinct zones called 
(1) the zone of unsaturated surface drying, and (2) the zone where 
internal liquid diffusion controls. The first of these zones iollows 
immediately after the critical point has been reached. In this zone, 
it was concluded that there is a constant decrease in the rate of mois- 
ture loss with a decreasing percentage of the total removable water. 
The mechanism of evaporation was considered to be essentially the 
same as that during the constant rate period and the rate of moisture 



SPECIFIC GRAVITY 


Figuee e.—Relation between tbe specific gravity and the rate of moisture loss when the moisture move- 
ment was confined to the three structural directions of the different woods and when the amount of re- 
movable water remaining in the blocks was 50 percent (.4) and 25 percent (B). 

loss was considered to be independent of the thickness of the material. 
Likewise in this zone, as during the constant rate period, the resistance 
to internal liquid diffusion was considered small in comparison to the 
resistance to vapor diffusion through the surface air film. As the 
rate of drying continued to decrease, a second critical point was 
found to exist beyond which resistance to the internal diffusion of 
the liquid controlled the rate of drying. During this period, it was 
concluded that the zone of evaporation retreated from the surface, 
and the water vapor was required to move through both the relatively 
dry surface of the solid and through the surface air film. 

A study of the curves given m figures 2, 3, and 4 will show that 
these drying curves are divisible into a constant rate period and a 
falling rate period when the moisture movement was confined to the 
longitudmal direction of the various woods, and also when the mois- 
ture movement was confined to the radial and tangential directions 
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of basswood lieartwood, silver maple sapwood, and to the radial 
dhection of red pine sapwood. For the remainder of the woods the 
drymg curves for moisture movement in the radial and tangential 
directions exliibited only the falling rate i)eriod. In all cases where 
a constant rate period is present there is evidence of an abrupt change 
to the falling rate period at the critical point. The results do not 
show, however, that the falling rate period is clearly divisible into 
two zones. The upper portion of the falling rate curve tends to 
approach a straight line, but there is no evidence of an abrupt change 
in the rate of moisture loss throughout this portion of the curve, thus 
eliminating suggestions of a second critical point. Except in the 
heavier woods, such as oak and hickory, most of the removable water 
was lost from the wood during the experiment and the drying curves 
approached zero, especially when the moisture movement was con- 
fined to the longitudinal direction. Considerable moisture was still 
present in the remainder of the blocks at the end of the experiment, 
but in all cases 50 percent or more of the removable water had been 
lost from the wood. It was noted during the latter part of the experi- 
mental run that the humidity in the cabinet had decreased slightly, 
thereby drying the woods at a somewhat faster rate. This had the 
effect of throwing the last points of the drying curve slightly out of 
line with the remainder, especially for those woods in which con- 
siderable moisture still was present. 

A comparison of the rates of moisture loss for the different structural 
directions of the various woods, wlien 50 and 25 percent of the total 
removable water still remained in the w^ood, is given in table 2. 
Viffien 50 percent of the total removable water remained in the woods, 
the rate of moisture loss in the longitudinal direction varied from 2.3 
to 13,0 times that in the radial direction and from 1.2 to 25.5 times 
that in the tangential direction. The average rate of moisture loss in 
the longitudinal dhection was 5.9 times that in the radial direction 
and 9.7 times that in the tangential direction. When 25 percent of 
the total removable water still remained in the woods, the rate of 
moisture loss for moisture movement in the longitudinal direction 
varied from 1.5 to 10.2 times that in the radial direction and from 1.6 
to 19.7 times that in the tangential direction. The average rate of 
moisture loss, wdien the moisture movement was confined to the 
longitudinal direction, vras 4.8 times the rate for movement in the 
radial direction and 7.8 times the rate for movement in the tangential 
direction. From the data in table 2, it also is evident that the rates 
of moisture loss for moisture movement in the radial direction varied 
from 0.2 to 4.0 times those for moisture movement in the tangential 
direction when 50 percent of the total removable water remained in 
the wood, and from 0.2 to 4.9 times those for movement in the tan- 
gential direction when 25 percent of the total removable water re- 
mained in the v^ood. ^ The^ average rate of moisture loss for moisture 
movement in the radial direction varied from 1.9 times that in the 
tangential direction when 50 percent of the total removable water 
remained in the wood to 2.0 times that in the tangential direction 
when 25 percent of the removable water remained in the wood. It 
should be pointed out that in many cases the rates of moisture loss at 
the time when 25 percent of the removable water still remained in 
the wood were read from the extrapolated portion of the curves given 
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in figures 2^ 3^ and 4. These results show, however, that average 
ratios of nearly the same order of magnitude w^ere maintained through- 
out the falling rate period. 

The average ratios obtained for moisture movement in the different 
structural directions are of a similar order of magnitude to those pre- 
viously reported by Buckman and Kees {1) for moisture movement 
in several coniferous woods below the fiber-saturation point. It was 
found that the time to attain half-saturation when the moisture 
movement was confined to the different structural directions was 
about five times as great in the radial and tangential direction as in 
the longitudinal direction. 

The results given in table 2 show the following relative relationships 
between the rates of moisture loss from the heart wood and sap wood of 
silver maple, hackberry, and red pine when 50 percent of the total 
removable moisture remained in the wood. For moisture movement 
in the longitudinal direction of silver maple, the rate of moisture loss 
from the heart wood was approximately 1.3 times that for the sap wood. 
In the case of hackberry, the results were reversed, and the rate of 
moisture loss for movement in the longitudial direction of the sapwood 
was about 1.2 times that for the heartwood. The relative rates of 
moisture loss from the heartwood and sapwmod of both of these woods 
were in the direction expected on the basis of the specific gravity 
relationship shown in figure 6. Both the heartwood and sapwood 
of red pine were still in the constant rate period when 50 pei'cent of 
the removable water remained in the wood, and the variations in 
rate of moisture loss from the heartwood and sapwood were no greater 
than the normal variations for the different woods during this portion 
of the drying period. 

Kelationships comparable to the foregoing are shovm by the rates 
of moisture loss in the heartwood and sapwood of silver maple and 
hackberry when 25 percent of the total removable water remained in 
the wood. In the red pine, however, the rate of moisture loss in the 
sapwood was about 1.2 times that in the heartwood, which is contrary 
to the more or less general relationship with specific gravity shown in 
figure 6. 

Comparisons also can be made of the rates of moisture loss from the 
heartwood and sapwood when the moisture movement was confined 
to the radial and tangential directions. When 50 percent of the total 
removable water remained in the wood, the rates of moisture loss from 
the sapwood varied from 1.5 times that from the heartwood in the case 
of movement in the tangential direction of hackberry to 4.9 times that 
for the heartwood of red pine when the moisture movement was 
confined to the radial direction. When 25 percent of the removable 
water still remained in the wood, the rate of moisture loss from the 
sapwood of silver maple was 1.1 times that from the heartwood 
when movement^ was confined to the tangential direction. The rate 
of moisture loss in the heartwood of red pine was 4.9 times that from 
the sapwood when the moisture movement was confined to the radial 
direction. These results show that there was less resistance to mois- 
ture movement in the radial and tangential directions in the sapwood 
than in the heartwood. 

These results do not appear to agree completely with those of 
Buckman and Rees (I), who found, that the rates of moisture move- 
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ment below the fiber-saturation point were not significantly different 
in the sapwood and heartwood of Norway (red) pine and white spruce. 
However, in their study, comparisons could be made of the rates of 
moisture movement in the sapwood and heartwood of the two kinds 
of wood only when the moisture movement was confined to the longi- 
tudinal direction and when it was confined to the tangential direction 
of white spruce. As will be noted, the rates of moisture movement 
observed in the present study are probably not even significantly 
different in the heartwood and sapwood of red pine of the same 
specific gravities when the moisture movement was in the longi- 
tudinal direction. In addition, since these data were published, 
Erickson^ has obtained information showing that there is a gradual 
decrease in the pressure permeability of white spruce in the longi- 
tudinal direction when samples are taken in order from the outer to 
the inner portions of the sapwood. Erickson, Schmitz, and Gortner 
(4) also have found that seasoning may have a significant effect on the 
permeability of white spruce sapwood, seasoning tending to decrease 
pressure permeability. This information indicates that sapwood 
samples selected on the basis of moisture content may tend to resemble 
heartwood from the standpoint of pressure permeability and also 
that seasoning may increase the pressure permeability of white spruce 
sapwood. Such data help, therefore, to explain the lack of complete 
agreement which may exist between the results of the two investi- 
gations insofar as these results should be correlated with the pressure 
permeability of the woods. 

It is of considerable interest to review the data obtained in terms of 
the possible mechanisms of moisture movement in wood which is 
above the fiber-saturation point, at least at the beginning of the dry- 
ing period. As previously noted, moisture may move to the surface 
under such conditions as free water, as bound liquid, as vapor, or by a 
combination of any or all of these three possible mechanisms. In all 
probability, all of the different mechanisms are in operation to some 
extent during the drying of wood above the fiber-saturation point. 
The primary question deals with the selection of the mechanism or 
combinations of such which predominate during the drying process. 
Certain of the pertinent factors influencing moisture movement by 
the different mechanisms from the standpoint of the discussion of the 
data given in this paper are as follows: (1) Free water movement 
would depend upon the size, number, and length of the capillaries 
between the cavities containing free water and the proportions of air 
and water in these cavities. Other conditions being equal, the rates 
of free water movement through the openings between the cavities 
would vary directly as the fourth powers of the radii of these capil- 
laries. (2) Moisture movement as bound liquid would depend upon 
the amount of cell-wall substance along which movement can take 
place and the effectiveness of the cell-wall substance as a moisture- 
conducting medium. (3) Moisture movement in the form of vapor 
would depend upon the number and size of the capillary openings 
between the cells of the wood and the number and size of other open- 
ings that may contribute to the continuous effective open area avail- 
able for vapor movement in the different structural directions, such 
as the presence of open vessels which furnish channels for vapor move- 

3 Erickson, H. D. permeability of woods to different liquids and factors AFFFCTI^G the rate 
OF FLOW. Master's thesis, Univ, of Minn. Library, Minneapolis, Minn. 1936. 






Aug. 1, 1938 Moisture Movement in Wood Above Fiber-Saturation Point 175 

meiit in the longitudinah direction of the hardwoods or resin canals 
which may contribute to the continuous effective open area available 
for vapor movement in the longitudinal and radial directions of cer- 
tain coniferous woods. For constant conditions with respect to other 
factors, the rate of vapor movement would vary directly as the second 
power of the radii of these openings. 

Because of the anisotropic character of wood it seems desirable to 
consider moisture movement in the longitudinal direction more or 
less separate from movement in the radial and tangential directions. 
From figure 5, it is evident that there is a fairly definite linear relation- 
ship between the specific gravities of the various woods and the critical 
moisture contents for moisture movement in the longitudinal direc- 
tion. By extending the straight line beyond the limits of the data, it 
is found to intersect the 100-percent line at a specific gravity of about 
0.82. This indicates that the drying curve for a wood having a 
specific gravity of 0.82 or above, based on the green volume, would 
exhibit no constant rate period but rather would be comprised of only 
a falling rate period, at least when dried under the conditions em- 
ployed in these experiments. When extended in the opposite direc- 
tion, this straight line should pass through zero if the evaporation 
during the constant rate period is equivalent in character to evapora- 
tion from a free water surface; i. e., there should be no critical moisture . 
content for evaporation from a free water surface. Extension of the 
curve on the basis of the equation derived by the method of least 
squares shows that it intersects the Y axis at +1-13 percent. Al- 
though this is in reasonable agreement with the theoretical result 
expected, based on the assumption that the rate of evaporation from 
the exposed surfaces of the blocks during the constant rate period is 
equal to the evaporation from a free water surface, there may be some 
significance to the slight deviation, as will be pointed out later. 

The rate of evaporation during the constant rate period occurring 
in the drying of various solids quite generally has been assumed to be 
similar to the rate of evaporation from a free water surface. However, 
so far as the authors know, no attempt has been made to establish the 
magnitude of the difference in the rate of evaporation from a free 
water surface and the surface of a solid during the constant rate period . 
This has probably been due, in part, to the fact that data of sufficient 
reliability have not been available for the calculation ol the rate of 
evaporation from a free water surface under the conditions employed 
in the drying experiments. As shown in table 2, the rate of moisture 
loss during the constant rate periods was of the same order of magni- 
tude for moisture movement in the longitudinal direction of the 
different woods as well as in the heartwood and sap wood of the same 
kind of wood. The rate ranged from 0.01110 g per hour per square 
centimeter for red pine sapwood to 0.01440 g per hour per square centi- 
meter for basswood heartwood, with an average rate for all of the 
woods of 0.01285 g per hour per square centimeter. The data of 
Lurie and Michailoff { 14 ) furnish a basis for a calculation of values 
to use in comparing these results with the rate of evaporation from a 
free water surface under comparable drying conditions. Because 
certain of the constants in the general equation given by these authors 
must of necessity incorporate and reflect to some degree the errors 
which existed in a number of relationships determined for a wide 
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range of drying conditions, it seemed desirable to employ a portion 
of their basic data and derive a new equation for drying conditions of a 
somewhat more limited scope. Since the air velocity of 1.1 meters 
per second employed in the experiments reported in this paper is the 
same as the air velocity used in the collection of the data for curve No 
1 of figure 9 in the paper by Lurie and Michailoff, it was easily possible 
to calculate a new equation for drying data of more limited scope than 
that utilized as the basis for their general equation. The rate of 
evaporation and the drying potential were determined for each plotted 
point used as the basis for curve No. 1 in figure 9 of their paper with 
the aid of a_ microscope and an eyepiece micrometer. The following 
linear equation then was derived by the method of least squares from 
these data: 

7=0.1376+0.03447 X 


m 


( I'V \ 

Lurie a>iid IVIicliailoff or tLe rate of evo^poru- 

tionin Idlogramsper square meter per hour, and Xis their H-Zior the dry- 
ingpotential inmillimeters of mercury. Insertmginto this equation the 
value for the drying potential calculated from Recknagers formula as 
given by Lurie and Michailoff, a value of 0.01868 g per square centh 
inetei pei hour is obtained for the rate of evaporation from a free 
water surface under the conditions employed in the experiments. In 
the consideration of this result as the true rate of evaporation from, a 
free water surface for the drying conditions employed, thought should 
be given to the fact that the straight line fitted to the data of Lurie 
and Michailoff by the method of least squares does not pass through 
zero as it should if the data are exactly correct and the relationship is 
linear throughout. However, the authors believe that the equation 
derived by the method of least squares from the data furnishes the 
nioie reliable basis for making an approximation of the rate of evapora- 
tion fiom a free water surface for the drying conditions employed, in 
their experiments. ^ 

Obviously, the rate of evaporation obtained from the foregoing 
calculations is higher than 0.01285 g per hour per square centimeter, 
which was the average rate of evaporation observed during the con- 
stant rate period for moisture movement in the longitudinal direction 
of all of the woods included in the study. Furthermore it is hi<dier 
than the ma^dmum rate of 0.01440 g per hour per square centimeter 
obtained during the constant rate period for moisture movement in 
tlie^ longitudinal direction of basswood heartwmod. These results 
indicate that the rates of evaporation during the constant rate periods 
were lower than the rate of evaporation from a free water surface 
subjected to the ^saine drying conditions. A similar indication, 
although slight, is furnished by the results for the relationship between 
critical moisture contents and specific gravities of the different woods- 
i. c., the straight line fitted to the data by the method of least squares 
does not pass through zero as it should if the evaporation durin<^ the 
constant rate period is equivalent in character to evaporation from a 
free water surface and if the relationship between the critical moisture 
content and specific gravity can be correctly assumed to be linear 
tbrougliout its range. 

It seems that a purely theoretical consideratio.n of the problem also 
supports the contention that the rate of evaporation from wood 
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during tlie constant rate period should be less than the rate of evap- 
oration from a free water surface subjected to the same drying condi- 
tions, although it need not be greatly less. A free water level would 
not be maintained at the surface of the wood throughout the constant 
rate period. The free water would evaporate from the open ends of 
the cut-off fibers, tracheids, or vessels, and meniscuses would be formed 
across the pit membrane pores and possibly across the openings in 
the perforation plates between vessel segments. These meniscuses 
might be maintained close to the surface during the constant rate 
period, but such an assumption hardly seems tenable when it is con- 
sidered that 60 percent of the total removable water was lost from 
basswood and about 25 percent of it from hickory and bur oak dur- 
ing this period. In any event, the process of evaporation frorn the 
exposed water surfaces of the meniscuses would be appreciably 
retarded as a result of the decreased amounts of surface and the 
decreased vapor pressure at the water surfaces across small capillaries, 
particularly those across the pores in the pit membranes. The rate 
of evaporation from these surfaces could not be equal to the rate of 
evaporation from a free water surface having the same area as the 
exposed surface of the blocks. Under these conditions, water would 
imdoubtedly move to the surface from the free water level either as 
bound liquid or as vapor or by a combination of these two mechanisms. 
Such movement could not take place, however, unless there was a 
moisture gradient set up in the wood and the surface layers were 
reduced to a moisture content less than the fiber-saturation point. 
Thus, although a constant rate of evaporation may be maintained 
during the evaporation of a large proportion of the total removable 
water, the rate of evaporation from the surface of the wood must be 
less than the rate of evaporation from a free water surface through- 
out all of the drying period with the possible exception of the rate of 
evaporation of a very small amoimt of water at the beginning of this 
period. The rate of evaporation decreases from the constant rate 
maintained during the loss of varying amounts of the total removable 
water from the different woods as soon as the rate of moisture movement 
to the surface no longer equals the rate of moisture loss during the 
constant rate period. The surface of the wood probably is maintained 
close to the fiber-saturation point during the constant rate period. 
The da tty shown in figures 2, 3, and 4 furnish evidence of a sudden 
increase in the resistance to moisture movement to the surface of the 
blocks at the termination of the constant rate period and the rate of 
moisture loss decreased very rapidly. It seems probable that this 
was due to the rapid development of a relatively dry surface layer of 
wo(kI through which moisture must move prior to evaporation, the 
surface probably being reduced rapidly to a moisture content approach- 
ing equilibrium with the temperature and relative humidity condi- 
tions maintained in the drying cabinet. As drying continued, the 
dry surface layer became thicker so that the rate of moisture loss 
gradually decreased throughout the remainder of the drying period. 

Although it must be recognized that some free water movement 
may have taken place during the constant rate period, the data 
o!>taine(l in this study support the view that the movement of mois- 
ture as free water was not of predominant importance for moisture 
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movement in the longitudinal direction during either the constant or 
the falling rate periods. The most important evidence obtained in 
support of this conclusion is furnished by the existence of the following: 
(1) The relationship between specific gravity and the critical moisture 
content, (2) The relationship between specific gravity and the 
rates of moisture loss when 50 and 25 percent of the total removable 
water remained in the wood. (3) The relatively^ rapid rates of mois- 
ture loss for movement in the radial and tangential directions in com- 
parison with the rates of moisture loss for movement in the longitudi- 
nal direction when 50 and 25 percent of the total removable water 
remained in the wood. 

The results of a number of studies made of the pressure permeability 
of the sapwood and heartwood of different kinds of wood have shown 
clearly that no universal correlation exists between pressure perme- 
ability and specific gravity for wood systems having such diverse 
characteristics. A consideration of the previously mentioned factors 
which influence free water movement shows that a correlation of this 
nature should be in evidence before one can reconcile the simulta- 
neous existence of the first two relationships noted in the preceding 
paragraph, for movement of free water in the longitudinal direction 
to be of predominant or even appreciable importance. 

Assuming there is a potential force of a comparable order of magni- 
tude tending to cause intercellular free water movement in the 
different structural directions, the intercellular movement of water 
in this form should be much more rapid in the longitudinal direction 
than in the radial and tangential directions. The resistance to the 
intercellular movement of free water for a certain distance in the 
radial and tangential directions would be much greater than the 
resistance to movement for the same distance in the longitudinal direc- 
tion because of the many more pit membranes in series. In addition, 
free water movement in the longitudinal direction of the hardwoods 
should tend to take place through longitudinal vessel systems. The 
resistance to intercellular movement through the pit membranes 
alone should be of the order of magnitude of 50 to 100 times greater 
for movement in^ the radial and tangential directions, than for move- 
ment in the longitudinal direction of woods such as those included in 
the investigation. On this basis alone, irrespective of the influence 
which the vessels might have on free water movement in the longi- 
tudinal directions of the hardwoods, the data given in table 2 show 
that the rates of moisture loss for movement in the radial and tangen- 
tial directions as compared to movement in the longitudinal direction 
are much greater than those which would be expected if moisture 
movement in the form of free water was of appreciable importance. 
Apparently, the forces tending to cause free water movement in the 
longitudinal direction do not have the same opportunity to exert 
themselves as they do when the moisture moves in the radial and 
tangential directions, or the naovement of moisture in the form of free 
water is not of appreciable importance for moisture movement in 
any of the different structural directions. More will be said about 
the possible importance of free water movement in the radial and 
tangential directions later in the discussion. 

With the elimination of the possibility of free water movement as 
an important factor influencing the rate of moisture movement in the 
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longitudinal direction, there are, as previously mentioned, three other 
ways in which moisture can move from the interior of the wood to the 
surface, namely, as vapor, as bound liquid, or by a combination of 
\uipor movement across the cell cavities and bound liquid movenxent 
through the cell walls. The presence of the rather definite relation- 
ships between the rates of moisture loss and specific gravity for the 
different groups of blocks comprised of heartwood and sapwood of 
different kinds of wood essentially eliminates the possibility of mois- 
ture movement from the ulterior of the wood to the surface predom- 
inantly in the form of vapor. It would be necessary to assume that 
the total effective cross-sectional area available for vapor diffusion 
bore the same relationship to specific gravity as the rates of moisture 
loss if one were to attempt an explanation of the observed relation- 
ships in terms of moisture movement from the interior of the wood 
to the surface predominantly in the form of vapor. 

As was previously pointed out (v?), Johnston and Maass (1^) have 
found that the rate of pressure movement of water through Norway 
(red) pine sapwood was more than 200 times that for heartwood from 
the same tree. These results, of course, do not apply directly to 
movement of vapor through wood since the rate of vapor movenaent 
would vary as the second power of the radii of the effective openings 
while the pressure movement of water through wood varies as the 
fourth power of the radii of these openings. They do show, however, 
that there was a decrease in either the number or size of the openings 
present, or both. A decrease in either the number or size of the 
openings would result in a decreased rate of vapor movement from the 
interior of the wood to the surface. It is possible, although not prob- 
able, that the sapwood and heartwood of red pine could exhibit such 
decidedly different permeabilities from the standpoint of the pressure 
movement of water and at the same time be of essentially the same 
permeability from the standpoint of vapor diffusion. In order for 
this to be true, it is necessary to assume that there is an appreciable 
decrease in the size of the openings which would influence the pressure 
movement of water to a greater extent than it would vapor diffusion, 
and that there is a compensating increase, from the standpoint of 
vapor diffusion, in the number of openings during the change from 
sapwood to heartwood. Such assumptions do not seem tenable, 
particularly in view of the work of Griffin {9, 10) and Scarth (i7) 
which show that the more probable thing to expect is a decrease in 
the number of openings during the change from sapwood to heartwood 
as a result of an increase in the number of aspirated bordered pits. A 
decrease in the number of aspirated pits would influence the rate of 
pressure movement of water and vapor dffiusion to the same relative 
extent. The decrease in number of openings, of course, also may be 
accompanied by a simultaneous decrease in effective size of the open- 
ings, this change influencing the two types of movement in the same 
direction but to the different degrees noted. 

Extension of a general thought somewhat comparable to that pre- 
sented in the comparison of red pine sapwood and heartwood to the 
hardwoods having different structural characteristics also yields evi- 
dence against the possibility of moisture movement in the longitudinal 
direction from the interior of the wood to the surface predominantly 
in the form of vapor. Bur oak heartwood is very impermeable to the 
movement of liquids and gases because the springwood vessels of this 
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wood are completely plugged with tyloses. The springwood vessels 
of red oak heartwood, on the other hand, do not possess tyloses and 
they can be readily penetrated by liquids and gases. Nevertheless, 
the^rates of moisture loss for movement in the longitudinal direction’ 
when both 50 and 25 percent of the total removable water remained 
in the wood, were less than those for bur oak, the difference in rate 
being in the direction expected on the basis of the relationships be- 
tween rate of moisture loss and specific gravity shown in figure 6. 
When we compare the rates of moisture loss for moisture movement 
in the longitudinal diiection of basswood and red pine heartwood, two 
woods having essentially the same specific gravity, we note differences 
in the rates of moisture loss in the direction expected on the basis of 
the relative opportunities for vapor movement from the interior of 
the wood to the surface. Howwer, these differences are not of the 
magnitude which could be justly expected if moisture moved from the 
interior of the wood to the surface predominantly in the form of vapor. 
Stamm {22) has deterniined the continuous effective open areas for 
transverse sections of Sitka spruce, Alaska cedar, western red cedar, 
Douglas fir, and western yellow pine and found that they varied from 
0.33 to 1.30 percent of the total membrane area tested, with an average 
value for the five woods of 0.66 percent. Although red pine heart- 
wmod was not included in this group, it seems reasonable to assume, 
wdien some consideration is given to results obtained by Erickson, 
Schmitz, and Gortner (4), that the continuous effective open area 
would be of somewhat the same general order of magnitude for this 
wood. French, as quoteff by Forsaith {7, footnote, p. 4^), has ob- 
served that the pores constitute approximately 55 percent of the cross 
section of basswood. The continuous effective open area will prob- 
ably be less than this value because of some constriction at the point 
of coalescence of the vessel members. However, the vessel perfora- 
tions of basswood are simple and the continuous effective open area 
would not be greatly less than the value observed by French since at 
least a small portion of the decrease in the continuous open area due 
to constrictions in the vessels would be compensated for by the 
contribution of the intercellular openings between the fibers to the 
total continuous effective open area. Consequently, although there 
is evidence of some moisture movement from the interior of basswood 
to the surface in the form of vapor, the results support the contention 
that the difference in the rates of moisture loss from basswood and red 
pine heartwood should have been much greater than that observed if 
moisture movement in the longitudinal direction is predominantly in 
the form of vapor. 

The recent work of Stamm (24) furnishes data in confirmation of 
the findings of Johnston and Maass (12) and Buckman, Schmitz, and 
Gortner (2). Using a somewhat different method, Stamm likewise 
obtained evidence of a decrease in the effective size of the intercellular 
openings with increasing moisture content of the wood below the 
fiber-saturation point. In view of such information, one cannor 
account for the sudden decrease in the rate of moisture loss wliich 
was observed in the present study after the critical point had been 
reached in terms of the influence of m^^ the size of 

the openings through which vapor movement can take place. The 
movement of moisture predominantly in the form of vapor would have 
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been facilitated rather than retarded by a rapid drying of the surface 
layers of the wood insofar as the movement through the intercellular 
openings is concerned, while in the case of movement through the 
vessels of the hardwoods, the results of another research of S^tamm 
{ 25 ) show that there would have been little, if any, influence in either 
direction. Martley (i^) has noted, however, that there is an ap- 
preciable decrease in the rate of moisture movement through wood 
with decreasing moisture content of the wood below the fiber-satura- 
tion point. It seems that this decrease must result from an ap- 
preciably increased resistance to moisture movement through the cell 
walls in the form of bound liquid which probably is caused by a 
decrease in the size of the capillaries between the structural units of 
the cell wall. If such is the case, a qualitative explanation is fur- 
nished for the sudden decrease in rate of moisture movement which 
figures 2, 3, and 4 show occurred with relatively little change in the 
moisture content of the entire block. Hartley’s results show that a 
sudden reduction in the moisture content of the surface layer of the 
block to approximate equilibrium with the relative humidity employed 
in the experiments would have created an appreciably increased re- 
sistance to moisture movement to the surface and would have caused 
a sudden change in the rate of moisture loss comparable in general 
nature to that observed. 

Consideration of the data for moisture movement in the longi- 
tudinal direction with regard to possible evidence favoring the move- 
ment of water from the interior to the surface predominantly in the 
form of bound liquid shows that there is little, if any, evidence in 
support of such a view. Again, it must be recognized that the possi- 
bility of some bound water movement from the interior to the surface 
during the constant rate period cannot be completely eliminated on 
the basis of the available data. However, the existence of the three 
relationships shown in figures 5 and 6 seems to essentially eliminate 
the possibility of bound water movement in appreciable amounts 
throughout the entire drying process. Unless the data are inter- 
preted in this manner, it is necessary to assume that the added amount 
of cell-wall substance present in the woods of higher specific gravity 
was not only totally ineffective in conducting bound water, but that 
it decidedly retarded the movement of moisture from the interior to 
the surface in the form of bound water. Despite the fact that a 
progressively larger proportion of the total removable water consisted 
of bound water in the case of the woods of liigher specific gravity and 
the rate of moisture loss was undoubtedly reduced somewhat because 
of this factor, the foregoing assumptions are untenable and do not 
merit further consideration. This is particularly true in view of the 
relatively close agreement which Stamm (;^5) has observed between 
the fiber-saturation points of a number of different woods. 

In accordance with the results of the preceding analysis, it seems 
that moisture must move in the longitudinal direction of wood pre- 
dominantly by means of vapor movement across the cell cavities and 
bound liquid movement through the cell walls. Moisture movement 
from the interior of the wood to the surface in such a manner is in 
agreement with the relationships shown in figures 5 and 6, provided 
it can be copectly assumed that the rate of vapor movement across 
the cell cavities is appreGiably faster than the rate of bound liquid 
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movement through the cell walls. The results of the calculations 
previously made by Buckman and Rees (i) show that the rates of 
vapor movement across the cell cavities and bound liquid movement 
through the cell walls were approximately in the ratio of 100 to 1 for 
the conditions of their experiment. In view of the results obtained 
by Hartley (15)^ the relative rates of moisture movement through the 
cell wall would have been faster for the experiments reported in this 
paper than for those previously conducted by Buckman and Rees 
because of the higher moisture content of the cell-wall substance 
throughout the course of the later experiments. Study of all of the 
information available shows, however, that there still would be a 
pronounced difference in the relative rate of vapor movement across 
the cell cavities as compared to the rate of movement through the cell 
walls, the relative rates being of the order of magnitude of at least 30 
to 1. The existence of differences between the rates of moisture 
movement in the two forms i)rovide a semiquantitative explanation 
for the relationships shown in figures 5 and 6. With increasing 
specific gravity of the wood there will be a lengthening of the relative 
distance that moisture must move in the form^ of bound liquid, a 
shortening of the relative distance in which moisture must move in 
the form of vapor, and a decrease in the relative cross-sectional area 
of the cell cavities through which vapor diffusion can take place. 

Moisture movement in the radial and tangential directions seems 
to be the result of the operation of a larger number of factors, at least 
in some instances, than in the case of moisture movement in the longi- 
tudinal direction. The data presented in figure 6 show deviations 
from a general relationship between specific gravity and the rates of 
moisture movement in the radial and tangential directions when 50 
and 25 percent of the total removable water remained in the wood. 
By far the most outstanding deviation from the general relationship 
was observed for moisture movement in the tangential direction of 
basswood heartwood. The rate of moisture movement in the tan- 
gential direction of basswood heartwood was very rapid, the rates of 
movement in this structural direction being 90 and 75 percent re- 
spectively of the rate in the longitudinal direction when 50 and 25 
percent of the total removable water remained in the wood. Although 
the rate of moisture movement in the tangential direction of basswood 
heartwood was the most outstanding deviation from the general re- 
lationship between rate of moisture movement in the radial and tan- 
gential directions and the specific gravities of the woods, it is apparent 
that there are definite variations in the results obtained for the sap- 
wood and heartwood of the different kinds of wood which cannot be 
entirely explained by differences in specific gravity. The rates of 
moisture movement in the radial and tangential directions of red pine 
and silver maple sapwood were greater than those in the same struc- 
tui*al direction of red pine and silver maple heartwood despite the fact 
that exact agreeruent with the rate of moisture movement-specific 
gravity relationship would require the reverse to be true or that no 
appreciable difference should exist as in the case of tangential move- 
ment in silver maple. These results combined with the available 
information on the permeability of sapwood and heartwood qualita- 
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tively indicate the existence of some degree of relationship between 
permeability and the rates of moisture movement in the radial and 
tangential directions of wood. 

The foregoing indications of some degree of relationship between 
permeability of the wood and the rate of moisture movement in the 
radial and tangential directions may have been due to increased 
amounts of water moving from the interior of the wood to the surface 
either in the form of vapor or free water. Buckman and Kees {1) 
previously observed pronounced deviations from a relationship be- 
tween specific gravity and rate of moisture movement in the radial 
and tangential directions of coniferous woods below the fiber-satura- 
tion point. Under the conditions of this experiment the possibility 
of free water movement was, of course, eliminated, and the deviation 
observed must have been due to moisture movement in the form of 
vapor to an increased extent in the case of a number of the woods. 
The data obtained in the present study do not permit one to 
evaluate the extent to which vapor movement from the interior of the 
wood to the surface contributed to the deviations from the rate of 
moisture movement — specific gravity ^ relationships for moisture 
movement in the radial and tangential direction . The relative 
amount of moisture which may have moved to the surface in the form 
of vapor cannot be determined^ separately from the amount which 
may nave moved to the surface in the form of free water. However, 
moisture movement in either form is dependent upon the number and 
size of the openings through which the movement can take place, the 
size of the openings influencing the two types of movement to the 
different degrees previously noted. Further experiments are being 
started to determine the relative importance of movement in the form 
of vapor and movement in the form of free liquid as the factors causing 
the deviations from the rate of moisture movement-specific gravity 
relationships for moisture movement in the radial and tangential 
directions. 

SUMMARY 

Blocks about 2.5 by 2.5 by 5.0 cm were prepared from six hardwoods 
and one softwood, including the heartwood and sapwood from the 
same log whenever possible. These blocks were slowly dried to equi- 
librium with the atmosphere of the room, in which condition they 
were kept until the beginuing of the experiments. They then were 
soaked in water until completely saturated and subsequently coated 
with 16 coats of rubber latex in such a way as to confine the subse- 
quent moisture movement to one structural direction of the wood* 
They then were exposed to a temperature of 30° O. and a relative 
humidity of 81 percent and were weighed at suitable intervals to 
determine the total moisture loss at the end of various periods of time. 
Using these data, the average moisture loss for the various sets of 
blocks was calculated, and curves were constructed showing the aver- 
age moisture loss with time. The rates of moisture loss at various 
times during the drying process were determined from the slopes of 
tangents to moisture loss— time curves at regular intervals. The 
percentage of removable water remaining in the wood also was calcu- 
lated at each point for which the tangent was constructed. From 
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these dataV curves were drawn showing the rate of moisture loss versus 
percentage of removable water remaining in the wood. 

All oflhe curves for the rate of moisture loss plotted against the 
percentage of the total removable water when movement was confined 

to the longitudinal direction were found to be divisible into two periods: 
(1) A constant rate period, and (2) a falling rate period. When the 
moisture movement was confined to the radial and tangential direc- 
tions constant rate periods were observed for only silver maple sap- 
wood, basswood heartwood, and in the case of radial movement, for 
red (Norway) pine sapwood. 

The existence of the constant and falling rate periods was con- 
sidered from the standpoint of the drying of wood. The rates of 
moisture loss during the constant rate period were of the same order 
of magnitude regardless of the kind of wood or the direction of flow, 
and information was presented supporting the view that the rate of 
moisture loss during the constant rate period was somewhat less 
than the rate of evaporation from a free water surface.^ 

A linear relationship was found to exist between the critical moisture 
content (the percentage of the removable water remaining in the 
wood at the termination of the constant rate period) and the specific 
gravity of the different woods when the moisture movement was 
confined to the longitudinal direction. 

The rates of moisture movement in the longitudinal direction varied 
from 1.2 to 25.5 times those in the radial and tangential directions 
when 50 percent of the total removable water remained in the wood. 
Although the differences between the rates of movement in the differ- 
ent structural directions were generally slightly less when 25 percent 
of the total removable water remained in the wood, the values were 
of a comparable order of magnitude. 

^ The average rates of moisture movenient in the longitudinal direc- 
tion were 5.9 and 4.8 times those for moisture movement in the radial 
direction when 50 and 25 percent of the total removable water re- 
mained in the wood; and were 9.7 and 7.8 times those for moisture 
movement in the tangential direction when the same amounts of 
total removable water remained in the wood. The rates of moisture 
movement in the radial direction varied from 0.2 to 4,9 times those in 
the tangential direction, with respective average rates when 50 and 
25 percent of the total removable water remained in the wood, of 1.9 
and 2.0 times those in the tangential direction. 

An exponential relationship was found to exist between the rate of 
moiskire movement in the longitudinal direction and the specific 
gravity of the different woods when 50 percent of the total removable 
water remained in the wood. Evidence was presented that the same 
general type of relationship exists between the rate of moisture 
movement in the longitudinal direction and specific gravity when 25 
percent of the total removable water remained in the wmod. Like- 
wise, the same general type of relationship seems to apply for moisture 
movement in the radial and tangential directions when 50 and 25 
percent of the total removable water remained in the wood, although 
there were appreciable deviations from the general rate of moisture 
movement-specifiG gravity relationship for moisture movement in 
the radial and tangential directions. 
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The relationship between the critical moisture^ content and specific 
cffavity and the relationships between rates of moisture movement and 
specific gravity for moisture movement in the longitudinal direction 
were discussed in the light of available related information and 
presented as information showing that moisture moves in the longi- 
tudinal direction of wood predominantly by bound liquid diffusion 
through the cell walls and vapor diffusion across the cell cavities. 

The operation of the same general mechanism of moisture move- 
ment in the radial and tangential directions was supported by the 
available data. However, deviations from exact relationships between 
rate of moisture movement and specific gravity for moisture niove- 
ment in the radial and tangential directions show that appreciable 
amounts of water moved from the interior of the wood to the surface 
either in the form of vapor or free water, or both. Evaluation of the 
relative importance of these two mechanisms of moisture movement 
was not possible from the available data, but the data showed that 
the opportunities for these two types of movement ultimately must 
be reconciled with the following: (1) The deviation from the general 
relationships between the rate of moisture movement and specific 
gravit}* for moisture movement in both the radial and tangential 
directions; (2) the lack of a general relationship between ra}^ volume 
and the relative rate of moisture movement in the radial and tan- 
gential directions of different hardwoods ; (3) the faster rate of moisture 
movement in the radial direction of red pine sapwood despite the 
almost complete absence of pits in the tangential walls of the tracheids ; 
(4) a rate of moisture movement in the tangential direction of bass- 
wood which was five times the rate of movement in the radial direc- 
tion, despite the relative uniform distribution of the vessels and of the 
pits on the radial and tangential walls of both the fibers and vessels 
of this wood ; (5) the decreased values for the ratio between the rates 
of moisture movement in the radial and tangential directions in the 
case of silver maple and red pine sapwood as compared to the same 
ratios for silver maple and red pine heartwood. 
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the effect of natural selection in a mixture 

OF BARLEY VARIETIES > 
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^Division of Cereal Crops and Diseases, Bureau of Plant Industry, United States 

Department of Agriculture 

INTRODUCTION 

For the past 13 years the writers have grown a mixture of barley 
varieties in an attempt to secure information on natural selection 
in barley {HordeumsDD )' ^^7 analysis of changes in the population 

of plants in nature is beset with difficulties, for the factors that favor 
or discourage the best growth of species and strains are numerous 
and intangible. They cannot be isolated and tested one at a time 
under field conditions, and, since they vary from season to season, 
they are not readily measured except by the summary statement of 
census. 

The problem explored in this experiment perhaps gained by its 
simplicity. Some of the factors that complicate the broader field of 
natural selection were avoided. The changes in population measured 
the reaction of a very limited number of pure lines of a single species, 
and no new forms were encountered during the test. The barley 
plants of the varieties used are much alike in their needs and competed 
for water and nutrients at the same time. 

The experiment is not fully comparable to most population studies, 
because its original composition was wholly arbitrary. Since barley 
is self-fertilized, the competing types remained the same throughout 
the experiment.^ For this reason it affords an opportunity to observe 
the rapid elimination of types so unsuited that comparable sorts 
probably would not have been found in such an environment in 
nature. So far as the writers have been able to determine from the 
literature, the only similar experiment is that of Sapegin^ with wheat, 
which was interrupted at the end of 4 years. 

MATERIALS AND PROCEDURE 

In 1923 seed of 11 varieties of barley was mixed together in such 
proportions that an equal number of plants of each might be expected. 
This mixture was sent to 10 experiment stations in the Northern and 
Western States to be grown in 1924. Through the kindness of men 
who had no direct interest in the project, the experiment was carried 
on for a number of years and is still being carried on at three stations. 

The procedure at all points was essentially the same. The mix- 
ture was seeded at most places in field plots each year. These plots 
were harvested and threshed with the regular station equipment. 
Sufficient seed was saved to plant a plot the following year and to 
send a sample to Washington. These latter samples were space- 
planted in blocks at Aberdeen, Idaho, or Sacaton, Ariz., to determine 

UReceived for publication December 27, 1937; issued August 1938. 
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the number of plants of each of the 11 varieties in the population. 
At harvest time the space-planted plants were pulled and a census 
of 500 individuals was recorded. This number is used as the limit 
of population throughout the paper. The mixture consisted of 
Trebi, Coast, Hannchen, Manchuria, White Smyrna, Smooth Awn, 
Lion, Meloy, Svanhals, Gatami, and Deficiens. Nine of these 
varieties were easily identified, but all plants of Coast could not 
be distinguished readily from all plants of Trebi, so these two varieties 
are recorded together. This unfortunate choice of varieties obscured 
the trends in only three cases. 

Counts were made for the maximum period of 12 years on the 
material from three stations. At some of the stations counts were 
not made for all years in which the mixture was grown. Such omis- 
sions are indicated by leaders in table 2. 

EXPERIMENTAL RESULTS 

The number of plants of each variety surviving in the final year at 
all stations is recorded in table 1. These are the end results of natural 
selection over a period of from 4 to 12 years. The response of a 
given variety to the environments afforded by the various localities 
is indicated by the number of plants of that variety surviving in 
the total population. A striking feature revealed in table 1 is the 
rapidity with which one or two varieties became dominant at certain 
places. This change was accompanied by an equally rapid elimination 
of other varieties. When considered in geographical sequence from 
east to west, omitting Arlington, Va., where winter-ldlling is a factor, 
the leading varieties are Manchuria, Hannchen, Trebi, White Smyrna, 
and Coast. The Trebi and Coast separation, although not made in 
the table, has been determined with sufficient accuracy to specify 
their fields of adaptation. 

Table 1. — Final census showing effect of natural selection in a mixture of barley 
varieties grown at 10 locations for 4 . to 12 years, recorded as the number of plants of 
each of 11 varieties found in a population of 500 plants 


Number of plants of each variety in the year when la^st grown 


Variety 

Arling- 

ton, 

Va., 

1928 

Ithaca, 
N. Y., 
1936 

St. 

Paul, 

Minn., 

1934 

Fargo, 

, N. 
Dak., 
1930 

North 

Platte, 

Nebr., 

1932 

Mocca- 

sin, 

Mont., 

1936 

Aber- 

deen, 

Idaho, 

1936 

Pull- 

man, 

Wash., 

1930 

' i 

Moro, 

Oreg., 

1934 

Davis, 

Calif., 

1928 

Coast and Trebi 

446 

57 

83 

156 

224 

87 

210 I 

150 

6 

362 

Gatami 

13 

9 

15 

20 

7 ! 

58 

10 i 

1 

0 

1 

Smooth Awn 

6 

52 

14 

23 

12 1 

25 

0 

5 

1 

0 

Lion... 

u 

3 

27 

14 

13 i 

37 

2 

3 

0 

8 

Meloy 

4 

0 

0 

0 

7 1 

4 

8 

6 

0 

27 

White Smyrna.... _ 

4 

0 

4 

17 

194 i 

241 

157 

276 

489 

65 

Hannchen 

4 

34 

305 

152 

13 

19 

90 

30 

4 

34 

Svanhals 

11 

2 

50 

80 

26 

8 

18 

23 

0 

2 

Deficiens 

0 

0 

0 

1 

3 

0 

2 

5 

0 

1 

Manchuria.--...... 

1 

343 

2 

37 

■ 1 

21 

3 

1 

0 

0 


A number of the varieties are of minor importance at all stations. 
Of these, Deficiens is least fitted to survive when all places are con- 
sidered. Meloy is only slightly better. On the other hand, Hann- 
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chen White Smyrna, and the Coast-Trebi combination are suited to a 
wide’range of conditions. Since the Coast-Trebi totals are the sum of 
the number of plants of two varieties, the figures are too large to com- 
pare with those of single varieties, particularly when both Coast and 
Trebi are present in considerable numbers. However, the good 
showing of this combination at so many places is partly due to the 
fact that Coast is well adapted to the West, while Trebi is well adapted 
to the region from Idaho east. There is little Trebi left in the mixture 
in California and almost no Coast remaining at St. Paul and Ithaca. 
The environment of the stations chosen covers so wide a range that 
only Hannchen and the Coast-Trebi combination have survived at all 
of them. The elimination has been much more rapid at some places 
than at others. At Puhman, Wash., Arlington, Va., Moro, Oreg., 
and Davis, Calif., for instance, one or tw:o varieties quickly dominated 
the population, whereas at Moccasin, Mont., North Platte, Nebr., and 
Aberdeen, Idaho, changes occurred more slowly and a greater number 
of varieties maintained a fair percentage of plants. 

Some of the details are more apparent m table 2, where the yearly 
census is given for each station. In both tables there are two striking 
instances in which the dominant variety diflFers from that commonly 
grown by farmers in the vicinity. In New York State, Manchuria, 
a six-rowed sort, has become absolutely dominant, whereas naost of 
the commercial acreage is in Alpha, a two-rowed variety similar to 
Hannchen. On the other hand, m Minnesota, where Manchuria and 
Manchuria hybrids constitute the greater part of the commercial 
acreage, Hannchen, a two-rowed variety, is predominant. Although 
two-rowed barleys are commonly grown around Ithaca, the preference 
for such varieties depends partly on considerations other than yield. 
Manchuria types produce about the same number of pounds per acre 
as the two-rowed, and since the seeds are smaller Manchuria is prob- 
ably potentially able to produce a far greater number of plants. The 
behavior of Hannchen in Minnesota cannot now be fully explained. 
There are few, if any, fields of Hannchen grown in the northern Mis- 
sissippi Valley. The variety does occur, however, as a mixture in 
fields, and the percentage has increased in the past 30 years. Hann- 
chen lodges more than Manchuria and is not desired by the market, 
but solely from the standpoint of plant productivity it would appear 
that it could be successfully grown. 


Table 2, — Annual census of 11 barley varieties grown as a mixture at 10 stations for 
4 to 12 years as determined by the identification of varieties in samples of 500 plants 


station and variety 



Number of plants and year of identification 



1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

Aberdeen, Idaho: 

Coast and Trebi,. 

97 

104 

130 

136 

187 

159 

216 

214 

218 

176 

198 

210 

Gatami. 

49 

32 

34 

34 

30 

20 

11 

15 

12 

17 

11 

10 

Smooth Awn„._. 

43 

40 

31 

18 

10 

6 

2 

7 

3 

1 

0 

0 

Lion— ■ 

40 

45 

24 

40 

17 

21 

6 

10 

5 

3 

3 

2 

■ 'Meloy,.— 

37 

34 

26 

22 

8 

9 

10 

12 

7 

2 

2 

8 

White Smyrna— 

65 

61 

92 

89 

86 

119 

145 

136 

154 

160 

177 

157 

Hannchen..., 

69 

81 

80 

80 

111 

109 

82 

76 

75 

106 

75 

90 

Svanhals... 

33 

48 

31 

39 

25 

33 

23 

15 

22 

28 

20 

18 

Deficiens ... 

40 

[ ■ ■ 21 

18 

14 

13 

7 

2 

9 

2 

2 

8 

2 

Manchuria. . 

37 

I' M 

1 , 34' 

1 , 28 

13 


3 

6 

2 

! ■ "5 

6 

3 
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Table 2. Annual census of 11 barley varieties grown as a niirture af in 
SLl^-CoSued identification of varieties in sampis of m 


Station and variety 


Ithaca, N. Y.; 

Coast and Trebi L 

(jatami 

Smooth Awn 

Lion 

Meloy. 

White Srnyriia--.,, 

Hannehen 

Svanhals.. 

Beficiens 

Alanchuria. 

Moccasin, Mont.: 
Coast and Trebi.... 

Gatami. 

Smooth Awn 

Lion 

Aleloy, 

White Smyrna.. ... 

Hannehen 

Svanhals.. 

Deficiens 

Manchuria 

North Platte, Nebr.: 
Coast and Trebi... 

Gatami.. 

Smooth A wn. 

Lion 

Meloy 

White Smyrna 

Hannehen 

Svanhals,... 

Deficiens ]!!!” 

Alanchuria.. 

Fargo, N. Dak.: 

Coast and Trebi 

Gatami 

Smooth A wn 

Lion 

Aleloy 

White Smyrna 

Hannehen 

Svanhals 

Deficiens 

Manchuria...... 

Moro, Oreg.: 

Coast and Trebi 

Gatami 

Smooth Awn ’.. 

Lion 

Meloy 

White Smyrna 

Hannehen 

Svanhals 

Deficiens 

Manchuria, 

St. Paul, Minn.: 

Coast and Trebi L... 

Gatami ...... 

Smooth Awn.. 

Lion 

Areloy.......... 

White Smyrna: 

Hannehen 

Svanhals.... 

Deficiens 

Manchuria. ..." 
Davis, Calif.: 

Coast and Trebi L 

Gatami...... 

Smooth Awn. 

Lion 

Meloy.........."”*'” 

W h ite Smyrna. . . . . . 


Number of plants and year of identification 


‘ All or nearly all Trebi at 
All or nearly all Coast at 


1925 

1926 

1927 

1928 

107 

64 

93 

79 

45 

34 

62 

53 

. 45 

43 

50 

43 

34 

27 

31 

34 

36 

9 

5 

6 

25 

16 

14 

7 

75 

77 

75 

79 

35 

52 

40 

47 

43 

40 

12 

3 

55 

138 

118 

149 

105 

106 

93 

94 

55 

64 

72 

56 

55 

52 

42 

48 

39 

48 

44 

26 

55 

35 

24 

29 

34 

46 

54 

47 

34 

39 

57 

45 

35 

34 

45 

41 

37 

14 

7 

14 

51 

62 

62 

100 

130 

107 


164 

65 

48 


49 

45 

38 


26 

29 

48 


29 

44 

59 


34 

51 

46 


73 

44 

48 


40 

26 

48 


25 

26 

10 


21 

40 

48 


39 

86 


113 

113 

56 


60 

40 

50 


47 

31 

47 


38 

28 

30 


9 

5 

39 


42 

46 

58 


62 

102 

66 


75 

86 

13 


2 

2 

53 


52 

47 

147 


126 


56 


81 


59 


38 


109 


25 


60 


35 


21 


57 


11 


69 


15 


28 


11 


18 


11 


23 


no 

99 

121 

94 

40 

50 

59 

34 

61 

106 

65 

51 

48 

61 

56 

52 

64 

22 

9 

9 

28 

16 

14 

11 

56 

59 

105 

149 

32 

34 

49 

69 

14 

10 

1 

4 

47 

43 

21 

27 

134 

251 

338 

362 . 

29 

8 

4 

1 

19 

13 

7 

0 . 

34 

29 

14 

8 . 

81 

43 

40 

27 - 

46 

65 

33 

65 . 


1929 


70 

69 

64 

32 

4 

5 

55 

14 

1 

186 

83 

64 

54 

31 

14 

59 

75 

40 

10 

71 

139 

68 

24 

18 

26 

118 

33 

38 

10 

26 

152 

35 

42 

9 

2 

19 

117 

77 

2 

45 

148 

15 

15 

21 

11 

192 

60 

33 

1 

4 

122 

31 

55 

51 

7 

14 

147 

63 

1 


1930 


75 

46 

47 
44 

0 

1 

17 

8 

0 

262 

102 

73 

54 
44 
12 
89 

55 
31 

2 


176 

46 

20 

24 

11 

149 

22 

35 

4 

13 

156 

20 

23 

14 
0 

17 

152 

80 

1 

37 

125 

3 

10 

3 

3 

276 

48 

26 

0 

6 

121 

16 

37 

34 

5 

5 

215 

57 

0 

10 


1931 


74 

33 

72 

29 

0 

1 

11 

3 

0 

277 

110 

62 

39 

48 

11 

108 

44 

32 

5 

41 

229 

17 

5 

27 

10 

172 

8 

21 

6 
5 


1932 1933 1 934 1935 1936 


82 

40 

51 

30 

1 

0 

25 

6 

0 

265 

106 

79 

43 

34 

14 

120 

55 

19 

1 

29 

224 

7 

12 

13 

7 

194 

13 

26 


77 

28 

46 

15 

0 

4 

38 

4 

0 

285 

81 

87 

37 

33 

7 

187 

24 

.9 

0 

33 


60 

31 

51 

19 

0 

1 

43 

5 

0 

290 

75 

88 

37 

49 

5 

175 

29 

9 

1 

32 


67 

0 

0 

0 

0 

394 

39 

0 

0 

0 

99 

5 

16 

26 

2 

3 

251 

93 

0 

5 


Ithaca, 

Davis, 


St. Paul, and Arlington. 


24 

0 

0 

0 

0 

458 

8 

0 

0 

10 


33 

19 

2 

11 

248 

38 

0 

9 


6 

0 

1 

0 

0 

489 

4 

0 

0 

0 


15 

14 

27 

0 

4 

305 

50 

0 

2 


61 

22 

43 

6 

0 

0 

62 

4 

0 

302 


57 
9 

52 

3 
0 
0 

34 

2 

0 

343 

87 

58 
25 
37 

4 
241 

19 

8 

0 

21 


Aug- 1. 


Natural Selection in Mixture of Barley Varieties 


193 


Table 2. — Annual census of 11 barley varieties grown as a mixture at 10 stations 
for 4 to 12 years as determined by the identification of varieties in samples of 600 
plants — Continued 


Station and variety 

Number of plants and year of identification 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

Davis, Calif.—Contd 

69 

44 

13 

31 

46 

24 

17 

4 

253 

62 

27 
53 

18 

28 
10 
40 

0 

9 

40 

15 

8 

1 

387 

23 

15 

19 

6 

10 

7 

20 

0 

13 

34 

2 

1 

0 

446 

13 

6 

11 

4 

4 

4 

11 

0 

1 
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Molny 










White Smyrna 










FTanncihen 










Svanhals _ __ 










Deficiens 










Manchuria - 










Pullman, Wash.: 

Coast and Trebi 


159 

2 

5 

10 

10 

230 

42 

28 

10 

150 

1 

5 

3 

6 

276 

30 

23 

5 

1 







Gatftini 











Smooth Awn - 











Lion 











Meloy - 











White Smyrna 











Hannchen 











Svanhals™- 











Deficiens.-™.- 











Manchuria - 




4 


















J All or nearly all Trebi at Ithaca, St. Paul, and Arlington. 


DISCUSSION 

Survival in competition seems to be dependent on two factors which 
are summaries of various unknowns. The number of plants of a 
given variety that will be present in any year will depend on the num- 
ber (not the weight) of seeds sown and on the percentage of survival 
of the seedlings in competition. For theoretical purposes this may be 
reduced to a single mathematical factor, namely^ the number of seeds 
produced that will produce plants the following year. This ignores 
some factors that are known to be present and that would affect the 
trends, but it does give a working basis for a calculating-machine 
experiment in the office. Postulating 10 varieties, the poorest ^ of 
which produces 45 seeds per plant, the best, 90 seeds, and tiie remaining 
8 separated by intervals of 5 seeds each, we would obtain the curves 
shown in figure 1. In this figure all populations are limited to 500 
individuals., ; ' : 

These curves, being unhampered by effects of temperature, rainfall, 
and pests, are very regular. The poorest variety is eliminated 
promptly. The best one increases for several years at a rate that, 
when plotted as a curve, closely approximates a straight line. The 
better sorts increase as long as part of their competition is against 
poorer varieties. Even among those moderately poor the decrease 
is retarded for a year or two, while the least productive varieties are 
still represented by a fair proportion of plants. The second best 
variety does not start to decrease until one-half of the total popula- 
tion is made up of plants of the best variety. Eventually only one 
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variety would be left, but the last plants of all varieties are slow to 
disappear. When the population has reached the point where the 
best variety has 498.1 plants and the second best 1.9 plants, 10 years 
more are required to reduce this fraction below 1.0. Assuming that 
less than two plants is one plant, and less than one plant no plant, it 
would require 10 years to eliminate the last plant. ’ 

These theoretical curves include an obvious fallacy. It is reason- 
able to suppose that the number of seeds produced by the best variety 

would be greater in 


the beginning, when 
the poorer; varieties 
still ^ constituted a 
considerable part of 
the population, than 
later when the com- 
petition is greater. 
An experiment is now 
being devised to meas- 
ure this influence, but 
until definite infor- 
mation is available it 
does not seem worth 
while to introduce the 
refinement of a hypo- 
thetical factor. As a 
matter of fact this ad- 
ditional factor, while 
undoubtedly present, 
is probably of minor 
importance. It would 
change the pitch of 
the curves, but not the 
type, and it is the 
type that is here im- 
portant rather than 
absolute fit. 

The theoretical 
curves vary in their 
pitch according to the 
percentage difference 
in the intervals. The 
actual ones are based 
on many variables. 
In the first place, no 
set of 10 varieties can be chosen that are separated by equal in- 
tervals in their productivity as measured by number of seeds per 
plant. Also, since the climate of the United States is a conti- 
nental one, the seasons favor first one variety and then another. 
This influence of climate may or may not be sufficient to change 
the order of the leading types, but in all cases it causes variations 
in the trend. The most exaggerated instance is Hannchen at 
Ithaca. At the beginning of the experiment conditions were favorable 
to Hannchen. Then came a series of years in which the percentage of 
Hannchen decreased rapidly. When the population had been 



Figure 1.— Theoretical curves of natural selection based on an equal 
mixture of 10 varieties differing by 5 kernels each in their productivity 
per plant, the poorest plant producing 45 seeds. 
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reduced from 79 to 11 plants a series of more favorable years ensued , 
and this variety slowly increased, reaching 62 before the onset of 
unfavorable conditions brought about another decline. The fluctua- 
tions of Hannchen did not, however, seriously affect the trend of the 
dominant variety. 

It is remarkable that the curve of the Hannchen variety grown at 
Ithaca is the only one definitely bimodal. There are other instances 
of large^ annual fluctuations. Naturally, in the field, with widely 
varying ' seasons, uniform trends cannot be expected. At More, 
Oreg., for example, the first few years were favorable to Coast and 
Trebi. Then came a series of years during which Smyrna maintained 
an increase that charts as a nearly straight line. At Moccasin, Mont. , 
the year 1926 was favorable for the development of Manchuria barley, 
and in consequence the 1927 population counted in 1928 showed a 
remarkable increase. The percentage of this variety declined after 
that time. Even in these extreme cases the fluctuations have not 
obscured the trends. The question is, Do the trends approach the 
theoretical ones? Are the actual curves of the same type as those 
shown in figure 1? 

Three types of curves appear in figure 1, the two simple ones of the 
best and poorest varieties, and the humped one of the intermediate 
varieties. The curves of the three or four poorer varieties are very 
similar, differing mostly in the time required for complete elimination. 
It must be kept in mind that the curves are based on the number of 
plants rather than on percentage intervals, but nature deals with 
plant units. In the actual data obtained many instances of curves 
of rapid elimination were found. Such trends are shown by Deficiens 
at all 10 stations, by Meloy at Ithaca, Fargo, and St. Paul, by Smooth 
Awn at Aberdeen and Davis, by White Smyrna at Ithaca, and by 
Manchuria and Gatami at Davis. There are thus 18 or more curves 
of this general pattern. One of these is illustrated in figure 2, where 
a typical curve can be drawn through 10 of the 12 points of Meloy 
at Moccasin, Mont. The departures in this case seem to be due to 
errors of sampling rather than to seasonal fluctuations. This con- 
clusion is based on the fact that the number of plants of this variety 
the following year is in line with the point where the theoretical line 
passed rather than on the point fixed by the census ; that is, the num- 
ber of plants in the population of 1929 is just what it should have been 
if in 1928 there had been the theoretical 18 instead of the recorded 
29 plants. 

Theoretically, the best variety at any place will eventually dominate 
the population, and the increase in numbers of the best variety is 
shown as a nearly straight line when plotted. The interval between 
the curves of the two best varieties is much greater than that between 
the curves of the two poorest varieties. In the counts a single variety 
with the characteristic dominant trend is found at most places. Typi- 
cal illustrations are Hannchen at St. Paul, Manchuria at Ithaca, 
White Smyrna at Moccasin, Moro, and Pullman, and Coast at Davis. 
At Aberdeen, Fargo, and North Platte the situation is confused by 
the inability to separate Coast and Trebi, but with these exceptions 
there is no question which variety is dominant at any place. The 
actual data for Hannchen at St. Paul are plotted along with the 
theoretical curve in figure 3. The agreement is striking. 
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The intermediate curves shown in figure 1 may be expected to fall 
into two classes when applied to the actual data._ Inasmuch as the 
seasonal fluctuations cause a degree of uncertainty in the actual trend, 
the five poorest varieties would not readily be separable. This is 
indicated in the large number already enumerated, which follow 
curves of rapid ehmination. There then remain two curves of longer 
period of elimination, but more nearly approaching a straight line, and 
two that are definitely humped. These humped curves represent the 
better varieties, and the actual counts should first increase and then 
decrease. 

The curves in figure 1 are the result of computations for 25 years. 
At most places a much greater interval is indicated in the actual 
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Figure 2. —Data on the Meloy variety at Moccasin, Mont., showing typical curve of poor variety. 

data than was used in figure 1. The clearest trends in the short 
period of 12 years naturally came from the stations where the changes 
are rapid. At one or two places there are varieties in which the trend 
is only beginiiing to become definite. Definite increases in the first 
or later years followed by subsequent recessions are apparent in Lion 
at Aberdeen, Ithaca, and Moro, in Gatami at Ithaca and North 
Platte, in Hannchen at Moccasin and Moro, and in Smooth Awn, 
Manchuria, and Svanhals at Moccasin. 

Data from other experiments in the field show that among varieties 
of nearly the same productivity the order of yield varies from year to 
year. The difficulty lies in determining what is fluctuation and what 
is trend, and how fair it may be to emphasize those curves that 
parallel most closely the theoretical. If carried a sufficient number 
of years, wSmyrna and Hannchen at Aberdeen may prove to be perfect 
examples of nearly dominant varieties that are taking the long road 
to extinction. Svanhals at Aberdeen shows the trend of an average 
variety, with little early increase and a long period of elimination. 
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While not reproduced here, a good agreement of actual trend with 
theoretical is found if the computations are based on an interval less 
than that shown in figure 1. Svanhals at Moccasin folio vrs a similar 
curve with a more rapid elimination. The data obtained at Moccasin 
are plotted in figure 4. The actual trend quite closely parallels the 
theoretical. In many cases good intermediate curves of greater initial 
increase are obtained if the data are smoothed with a moving average. 
Two of these, Hannchen and Manchuria at Moccasin, are shown in 
figures 5 and 6. In both cases the theoretical was computed with a 
greater interval than 
that used as a base in 
figure 1 . In figure 6 it 
is obvious that a still 
greater interval would 
have been better. No 
attempt has been made 
in any case to find the 
curve that would best 
fit the data. This ex- 
periment is prelimi- 
nary, and if the data 
so far obtained indi- 
cate the type of curve 
that may be expected, 
f u r t h e r refinements 
can well await the ac- 
cumulation of more 
extensive data. 

N aturally , m a n y 
defects appear in the 
course of an experi- 
ment. The most im- 
portant in the present 
work is the absence of 
any method of inter- 
preting fluctuations. 

A new experiment has 
been planned that may 
be one step farther 
along, but a full under- 
stancling of all the factors that influence the results will never be achieved . 
A dry or a wet season may favor one variety or another. Rain onagiven 
day may favor one variety much more than another, even though their 
total moisture z^equirements are the same. High temperatures for 
a few critical days may mean more than the average maximum or the 
absolute maximum. Some of the variables caiz be eliminated, others 
may be interpreted eventually, but many can oirly be accepted. 

SUMMARY 

A inixture of 11 varieties of barley was grown at 10 stations for 
a peiiod of 4 to 12 years. The mixture was seeded, harvested, and 
threshed with the ordinary station equipment. Seed as it came from 
the thi^esher was saved for seeding the following year. Population 
counts were made annually. 



FiCrUKE 3.--Curve (a) of actual data of Hannchen at St. Paul, Minn., 
compared with the theoretical curve (ft) of a dominant variety. 
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FiGtjBE 5, ,data of Hanncheo: at JiCoccasm, Mont., shown as unconneeted points: a, The same 

data smoothed with a moving average; a theoretical curve as calculated for a better-than-average 
variety; c, the same curve superimposed by applying its first point to coincide with the census of 1925. 
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At all places there was a rapid elimination of the less adapted sorts. 
At most places the variety that would eventually dominate the 
population was quickly^ evident. The leading variety varied with 
the location of the station. A variety dominant at one station was 



Figuee 6.~-Actual data of Manchuria at Moccasin, Mont., and the same data smoothed with a moving 
average (fl) compared with a theoretical curve (6) of a good variety. 

eliminated at another. Few varieties survived at all stations. Some 
varieties increased for a time and then decreased. 

The population trends in general agree with a series of theoretical 
curves here presented. At all places the poorest varieties show the 
same type of descending curve. The best variety exhibits a typical 
ascending curve, which for a time approaches a straight line. Trends 
of many of the intermediate varieties are of the same t^rpe as The 
compound curve suggested in the theoretical scheme, first increasing, 
then decreasing.';' V 







effect of neutral salts of sodium and calcium 

ON CARBON AND NITROGEN OP SOILS ^ 

By V. P. SOKOLOFF 

Formerly junior agronomisty Division of Western Irrigation Agriculture, Bureau of 
Plant Industry, United States Department of Agriculture 

INTRODUCTION 

Saline waters are frequently employed for irrigation purposes in the 
arid and semiarid regions of the Southwest. The amounts tod the 
kinds of salts carried by irrigation waters determine to some extent 
the concentration and composition of the soil solution of irrigated lands. 
Considerable attention has been devoted, accordingly, to the study of 
the effects of salts and of individual ions on the physicochemical char- 
acteristics of soils. Comparatively little systematic interest has been 
manifested, however, in ascertaining the influence of neutral salts on 
the microbiological transformations of the organic matter of soils such, 
for example, as lead to the production of carbon dioxide and nitrates. 

The conclusions of Lipman (IS) ^ Kelley Greaves {11), and 
Gedroiz {8) show a degree of accord as to the possibility of stimulating 
effects of small amounts of neutral salts of sodium upon nitrification 
in soils, at least under certain conditions. Stimulation of the nitri- 
fication processes in the presence of small amounts of neutral salts of 
calcium also has been reported (15). Higher concentrations of the 
neutral salts of calcium have been regarded as being more unfavorable 
to nitrification than corresponding concentrations of the neutral salts 
of sodium {16). The favorable effect of the oxides or carbonates of 
calcium on nitrification has often led to the opinion that the calcium 
ion, as such, is a stimulant to nitrification {15, 16). Absorbed cal- 
cium, in the absence of other absorbed cations, has been shown to 
retard nitrification processes in the soil (4). 

Several years ago, in an attempt to correlate the amounts of salts 
added to the soil, in the course of successive wetting and drying 
treatments, with the composition and concentration of the correspond- 
ing displaced soil solutions, the author's interest was aroused by 
certain fairly consistent trends in the nitrate content of displaced soil 
solutions. The addition of moderate amounts of sodium chloride to 
the soil (up to 6 milliequivalents per kilogram) was frequently followed 
by an increase in the nitrate concentration of the soil solution, while 
the addition of equivalent amounts of calcium chloride seemed to 
have the opposite effect. The correctness of the observations in 
regard to the stimulating effect of sodium chloride upon the nitrifica- 
tion processes of the soil was verified by simple incubation tests. At 
the same time the technique of the present investigation was developed. 
Among other things, the length of contact between soil and water 
during the extraction came to be regarded as an important variable, 

^ Received for publication April 25, 1938; issued August 1938. Based on a thesis submitted to the University 
of California in partial fulfillment of the requirements for the degree of doctor of philosophy, March 1937. 
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capable of influencing the nitrate and bicarbonate content, as well as 
the hydrogen-ion concentration of the extracts, especially in the 
presence of organic matter and of sodium salts. Periodical removal 
of the accumulated products of microbiological activities was likewise 
recognized as an important feature of the nitrification studies. 

The investigation herein reported was undertaken to determine, by 
means of the foregoing technique, the influence of neutral salts of 
sodium and calcium on carbon and nitrogen transformations in two 
natural soils and in a third soil prepared by leaching with sodium 
chloride a portion of one of the original soils. 

REVIEW OF LITERATURE 

Lipman {13) observed that the nitrification processes in the soil are 
favored by the addition of either sodium chloride or sodium sulphate. 
A significant increase in the amounts of nitrate, according to Lipman, 
took place in the presence of 0.05 to 0.10 percent of either of these 
sodium salts in a soil containing 2 percent of dried blood. Higher 
concentrations of the salts inhibited the nitrification processes. Kelley 
{12) found that the addition of sodium sulphate to the soil stimulated 
nitrification under certain conditions. For example, 0.1 percent of sodi- 
um sulphate favored the nitrification of 1 percent of dried blood in a ma- 
nured plot, while the same amount of the salt had no effect on the 
nitrification of 0.1 percent of dried blood in a control plot. The addi- 
tion of ammonium sulphate to the manured plot containing 0.1 percent 
of sodium sulphate had no effect on the nitrate production. In the con- 
trol plot, on the other hand, the nitrification of ammonium sulphate 
was retarded by sodium sulphate. The results of Greaves et al. {11) 
confirmed the observations of Lipman {IS) in regard to the stimulating 
effect of sodium chloride on the nitrification of dried blood. Greaves 
and his associates, however, observed no stimulation in the presence 
of sodium sulphate, while calcium sulphate proved to be a stimulant 
within the entire range of the concentrations studied. The findings 
of these investigators suggest that the stimulation of nitrification, 
wherever it occurs, is due to the effect of individual salts on individual 
soils rather than to the specific influence of individual ions. The 
findings of Lipman and of Greaves et al. are not in agreement with the 
earlier results of Deherain {6) nor with the conclusions of Nehring 
and Mobius {16) in a more recent investigation. It may be observed, 
however, that the generalizations of Nehring and Mobius, insofar as 
they deal with the depressing effect of sodium and potassium ions, 
are based on the study of the effect of sodium and potassium carbon- 
ates. The toxicity of relatively small quantities of sodium carbonate 
to the nitrifiers of the soil was recognized in all investigations previ- 
ously discussed (II, 12^ 13), The possibility of more rapid mineral- 
ization of the organic nitrogen of the soil in consequence of the addition 
of sodium salts to Chernozem soils initially free from sodium was 
indicated by Gedroiz^ {9). According to Gedroiz, the ^^optimum 
mobility^ ^ of the soil nitrogen may be attained when the soil solution 
becomes 0.01 to 0,1 normal with respect to sodium chloride, provided 
the air and water regimes of the soil are favorable for plant growth. 

Ghizh^vsky (4), in his studies of the effect of absorbed cations upon 
the decomposition of organic matter in soils, found that the production 
of carbon dioxide was markedly stimulated by absorbed sodium and, 
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conversely, was depressed by absorbed calcium. ^ The sodium-satu- 
rated soils exceeded all others in the density of their bacterial popula- 
tion. While both nitrification and ammonMcation were retarded in 
the calcium-saturated soils as compared with the untreated soil, no 
nitrogen data were reported by Chizhevsky in the case of the sodium- 
saturated soils. He believes, on the basis of his results with the iron-, 
hydrogen-, and calcium-saturated soils, that there is no parallelism 
between the accumulation of nitrates and the production of carbon 
dioxide. It may be argued, however, from Chizhevsky’s own findings, 
that the hydrogen- and the calcium-saturated soils are not comparable 
among themselves, inasmuch as they differ radically in their micro- 
flora; the fungi were the only prominent group of micro-organisms 
that developed in the hydrogen-saturated soils, while the calcium- 
and the' sodium-saturated soils, on the other hand, were found to be 
entirely comparable in this respect. 

While investigators agree as to the probability of the stimulating 
effects of neutral sodium salts on nitrification, at least under cer- 
tain conditions, the effect of the corresponding calcium salts seems to 
be a matter of some controversy. Waksman (16) states that the salts 
of calcium and magnesium are much more injurious to nitrification 
than the salts of sodium and potassium. Greaves (11) reports stimu- 
lation in the presence of very small quantities of calcium chloride. 
Nehring and Mdbius (15) conclude that nitrification is stimulated by 
the calcium ion as such. It may be pertinent here to cite the obser- 
vation of Kelley (IS) that ^'almost any kind of conclusions may be 
drawn regarding the relative rates of nitrification * * provided 

that the incubation periods be carefully chosen.’^ In order to over- 
come this fundamental wealmess of all nitrification studies, Kelley 
recommends variations in the length of the incubation periods. 

The effect of the neutral sodium salts on the production of carbon 
dioxide in the soils has received practically no attention. The greater 
solubility of the soil organic matter in the presence of sodium is, on 
the other hand, a recognized fact (ffi, 17). The fundamentals of 
present knowledge in regard to nitrification and carbon dioxide pro- 
duction in soils are incorporated in textbooks (7, 16 y 17) y and need 
not be reviewed here. It may be remarked, however, that the older 
investigators paid no attention to the kind and quantity of salts 
inevitably present in the organic materials they have been adding to 
the soil and that they gave no consideration to the possibility that 
these salts, even in small quantities, might play a part in the trans- 
formations of the soil organic matter. 

METHODS AND MATERIAL 
EXPERIMENTAL PROCEDURE 

Throughout the experiments 1-kg portions of soils were used. 
The soils were incubated at one and one-half times the moisture- 
equivalent moisture in parallel series, with and without artificial aera- 
tion, for several successive 15-day periods. Each period was pre- 
ceded and followed by a 1-to-l extraction. Conclusions as to the 
effects of the electrolytes on the transformations of organic matter in 
the incubated soils were based on the ^ analyses of the 1-to-l extracts 
and on the determinations of carbon dioxide and ammonia volatilized 
under aerated conditions. 
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One-kilogram aliquots of air-dried soils were extracted each witli 
1 liter of a N/20 electrolyte.^ (One-tenth normal electrolytes were 
used with the third soil.) Distilled-water controls were included 
with every set of treatments, except with soil F-Na, as explained later. 
The extracts were separated from the soil by filtration through a 
double layer of Whatman No. 2 filter paper on Buchner filters. The 
extracts were returned to the filters repeatedly to insure uniformity 
of composition. The suction was continued until no more ffltrate 
was obtained. The clear final filtrates, designated as the ''zero time,” 
were reserved for analysis. The extracted soils, generally retaining 
moisture corresponding to one and one-half times the moisture equiva- 
lent of the given soil, were passed through a 2-mm screen and packed 
loosely into 2-liter aeration flasks in such a manner as to occupy about 
1)^ liters of space per kilogram of the soil. The flasks containing the 
weighed moist soils were then aerated at room temperature for 10 
hours a day at the rate of about 180 cc^ per minute. Day tempera- 
tures varied between 22° and 27° C. ; during the night the temperature 
sometimes dropped below 20°. 

After 15 days of such intermittent aeration the moist soils were 
weighed and extracted for the second time, following the technique 
previously indicated. Each experiment consisted of three successive 
15-day aeration periods, totaling 45 days, and each of these periods 
was preceded and followed by a 1-to-l extraction with a N/20 elec- 
trolyte. Parallel series of experiments were conducted with the soils 
incubated in stoppered jars. These unaerated soils were packed so as 
to occupy no more space than 0.9 liter per kilogram of soil. At the 
conclusion of the experiments the soils were dried in the air for 6 weeks 
before analysis. 

The moist weight of the soils after the extraction afforded a basis 
for estimating the residual amounts of the dissolved substances that 
were carried over from period to period, on the assumption that the 
clear filtrate and the moisture retained by the soil were identical in 
composition as regards the dissolved substances. Changes in the 
naoist weight of the soils during the aeration were taken into account 
in the extraction calculations. The extractions required from 1 to 6 
hours each, and the subsequent screening and packing of the extracted 
soils required an additional 40 minutes. Two of the soils used in these 
investigations remained permeable to N/20 sodium chloride through 
the five successive extractions; in preliminary tests, difficulties had 
been encountered when more dilute solutions were tried. The per- 
naeability of soil F-Na was altered by presaturation with sodium; 
it was therefore necessary to use N/10 concentrations of the electro- 
lytes in order to obtain a satisfactory rate of filtration, and the dis- 
tilled-water series had to be omitted because of the imperviousness of 
the soil to water. 

AERATION APPARATUS 

The aeration apparatus consisted of the following units arranged 
in the following order: 

(1) Air scrubbers: Two 2-foot towers with glass beads, inserted 
into l~liter reservoir bottles containing 40 percent of sulphuric acid 
and 40 percent of sodium hydroxide, respectively. 

* Calcium sulphate was used in the form of a suspension containing 50 milliequlvalents of the salt per 
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(2) One 3-foot water tower filled with beads, connected with the 
air scrubbers and, by means of a glass manifold tube, with the aeration 

flasks. , . . 

(3) Four aeration chambers : The moist air, free from carbon dioxide 
and ammonia, entered the flasks at the bottom through a wide glass 
tube and passed upward through the soil mass. A current of air was 
thus formed into which the gases released by the soil could diffuse. 
Tliis means of aeration was preferred to other methods when the aera- 
tion periods were long. 

(4) Carbon dioxide-absorbing towers: Each aeration flask was 
connected to a long-stemmed, fine-tipped 100-cc pipette, calibrated 
as to the delivery time, the tip of which touched the bottom of a res- 
ervoir flask containing 75 cc of N/2 sodium hydroxide. The incoming 
air lifted the alkali of the reservoir into the pipette. The small 
bubbles of air moving upward through the pipette and coming in con- 
tact with the film of alkali streaming down the narrow walls of the 
stem of the pipette were freed from carbon dioxide by the time they 
entered the next unit of the aeration chain. 

(5) Ammonia-absorbing towers containing N/2 hydrochloric acid 
were constructed in the same way as the carbon dioxide absorbers. 
The outlets of these units were connected with the needle-valve mani- 
fold, and the outlet of the latter with the vacuum pump. 

All connections of the aeration apparatus were fitted airtight and 
sealed with wax. Only the necessary minimum of rubber tubing was 
used, and all rubber was coated with parafiin. The rate of flow, in- 
itially measured with a calibrated flowmeter, was maintained nearly 
uniform throughout the experiment, by means of bubble count, at 
about 180 cc per minute, on each of the four absorbing chains. This 
adjustment was checked three times a week. The apparatus was 
placed in the basement, away from direct light and abrupt fluctuations 
in temperature. 

ANALYTICAL METHODS 

xinalyses here reported were made in accordance with the proce- 
dures recommended by the Association of Official Agricultural Chem- 
ists (^), with the following exceptions: Total nitrogen was determined 
by a method combining the Devarda-alloy and the Gunning-Hibbard 
procedures (5); ammonium, by distillation in the presence of magne- 
sium oxide {!); organic carbon, by a wet-combustion procedure;^ and 
sodium, by weighing sodium uranyl zinc acetate hexahydrate (5). 

The difference between the sums of nitrate, bicarbonate, sulphate, 
and chloride on the one hand, and of calcium, magnesium, potassium, 
sodium, and ammonium on the other, in no instance exceeded 0.5 
percent of the total. In the case of the air-dried soils, the difference 
between the duplicate determinations of nitrogen (2) and carbon did 
not exceed 1 percent of each. 

DESCRIPTION OF SOILS 

The two sandy loam soils used in these studies were collected in the 
proximity of the Rubidoux Laboratory, Riverside, Calif. Both are 
transported soils, derived from the granites of Mount Rubidoux, and 

is indebted to H. D. Chapman, of the University of California Citrus Experiment Station. 
;mci r j. Foote, of the Limoneira Go. Laboratorios, Santa Paula, Calif., for their modifications of Ibe 
method. ■; ■ ■■ ' . ■■ 
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both are quite similar in their characteristics, the only essential differ- 
ence being that one has a much higher content of organic matter. 

One of these soils, designated ''T/' had received little or no fertiliza- 
tion for the past several years. The vegetative cover of this soil 
(trees) had been removed 1 year before the date of the collection of 
the sample, which was taken in January 1936 from the 6- to 12-inch 
horizon. The sample of the second soil, designated ''F,” was taken 
in March 1936 from the 12- to 24-inch horizon of an orange grove 
(plot F of the University of California Rubidoux fertilizer experiment), 
which had been manured repeatedly. The third soil, designated 
was a portion of soil F that had been leached with sodium 
chloride until about 0.9 of the original absorbed bases had been . 
replaced by sodium. This sodium chloride-treated soil) F-Na, was 
rapidly dried under a fan, screened, and reserved for subsequent 
incubation tests. 

The moisture equivalents of soils T, F, and F-Na were 11.0, 13.2, 
and 15.3, respectively; ammonium-absorbing capacities, 7.50, 7.87, 
and 8.02 milliequivalents per 100 g; total nitrogen, 6.4, 10.9, and 10.0 
milligram atoms per 100 g; total carbon, 52, 126, and 122 mg atoms 
per 100 g. Soils F and T contained 5 and 15 milliequivalents of dis- 
solved salts per Idlogram of soil, chiefly bicarbonates, nitrates, sul- 
phates, and chlorides of calcium and magnesium; while soil F-Na con- 
tained 60 milliequivalents of sodium chloride per kilogram and no 
other salts at zero time. The pH values of 1-to-l aqueous extracts 
of soils F and T were 7.0 and 6.8 respectively, but no satisfactory 
determination of pH could be made for soil F-Na. 

RESULTS ' 

Tables 1 to 4 comprise data showing the results of the present 
investigation, obtained by following the foregoing experimental pro- ^ 
cedure. Concentrations of carbon and nitrogen in the soil extracts I 
and in the air-dry soils are expressed as milligram atoms per kilogram. 

One milligram^ atom of carbon corresponds to 1 millimol of carbon 
dioxide, 1 milliequivalent of bicarbonate, or 12 mg of organic carbon.' 

In a similar way, 1 mg atom of nitrogen corresponds to 1 milliequiva- 
lent of nitrate, 1 milliequivalent of ammonium, 1 millimol of ammonia, 
or 14 mg of nitrogen. 

The findings^ reported in tables 1 to 4 represent primarily the * 
effects of individual salts on individual soils under certain environ- 
mental conditions. They afford, nevertheless, a basis for some cau- 
tious gmeralizations. In table 5 the data are arranged with a view 
to facilitating such generalizations. 

A preponderance of sodium salts in the soil moisture of incubated 
soils was found to be generally accompanied, with or without artificial 
aeration, by substantial increases in the amounts of nitrate and total 
nitrogen and of carbon dioxide and total carbon released by the soils 
in the course of several successive incubation extractions. The car- 
bon-nitrogen ratios of the soils tended to become narrower as a conse- 
quence of the sodium treatment. This tendency, however, was 
obscured in the absence of aeration. 
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TabJjB I -—Effect of sodium and calcium chlorides and sulphates on quantity of 
nitrogen and carbon released by aerated soils 

SOILF 


Released per kilogram soil, oven-dry basis 






Nitrogen 



Carbon 


Electrolyte 

aeration i 

Extracted 

Volatil- 

ized 

ammo- 

nia 


Extracted 

Volatil- 

ized 

carbon 

dioxide 




Nitrate 

Ammo- 

nium 

Other 
forms 3 

Total 

Organic 

carbon 

Bicar- 

bonate 

Total 



Mi/li- 1 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- 
gram 
atoms 1 

Milli- 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- 

gram 

atoms 


(First.... 

6.22 1 

0. 14 

0.15 

0.05 

6. 56 

19.8 

4.4 

13.9 

38.1 

Sodium chloride — 

i Second-- 

2.48 

0 

.76 

.37 

3.61 

1.0 

3.2 

26.3 

30.6 

iThird... 

.72 

.47 

.14 

.37 

1.70 

6.6 

2.3 

22.6 

30.5 

Total- 


9.42 1 

.61 

1.05 

.79 

11.87 

26.4 

9.9 

62.8 

99.1 


[First.— 

hSecond.. 

iThird— 

6. 82 

.18 

.48 

0 

6. 48 

15.9 

3.7 

26.1 

45.7 

Sodium sulphate.-. 

3.70 

0 

0 

0 

3.70 

4.8 

1.6 

24.0 

30. 4 

1.35 

0 

.26 

0 

1. 61 

7.2 

1.4 

19.8 

28.4 

TotaL..,..,. 


10.87 

.18 

.74 

0 

11. 79 

27.9 

6.7 

69.9 

104.5 


(First..., 

5.39 

.17 ! 

0 

.11 

5.67 

8.3 

2.6 

15.4 

26.3 

Calcium chloride.. . 

<Second-- 

2. 43 

0 

.36 

.28 

3.07 

.7 

1.4 

• 16. 0 

18.1 


iThird... 

.79 

1 ® 

.10 

0 

.89 

2.2 

.4 

8,8 

11.4 

Total 


8. 61 

I .17 

,46 

.39 

9.63 

11.2 

4.4 

40.2 

56.8 


(First 

5. 67 

i 0 

.24 

0 

5.81 

1.9 

2.1 

25.2 

29.2 

Calcium Sulphate.. 

< Second. - 

1.61 

0 

0 

0 

1. 61 

2.7 

.7 

4,6 

8.0 

iThird... 

' .89 

‘ 0 

.15 

0 

1.04 

.5 

1.1 

12.0 

13.6 

Total 


8.17 

0 

,39 

0 

8.56 

6.1 

3.9 

41.8 

50.8 


[First 

5.39 

.15 

.53 

.05 

6'. 12 

17.6 

6.4 

20.4 

43.4 

Distilled water 

< Second.. 

3.04 

0 

0 

.23 

3.27 

.1 

2.9 

24.2 

27.2 


[Third... 

.42 

0 

.77 

.41 

1.80 

3.6 

1.0 

8.3 

12.8 

Total 


8.85 

.15 

1.30 

.69 

U. 19 

21.2 

9.3 

52.9 

83.4 


SOIL F-Na 3 



(First— 

7. 46 

0. 33 

1.83 

0 

9.62 

61.8 

10.7 

32.3 

304.8 

Sodium chloride 

•(Second-- 

3.37 

0 

0 

0 

3.37 

13.4 

2.5 

15.6 

31.5 


iThird— 

.62 

0 

.46 

.02 

1.10 

2.5 

.9 

13.7 

17. 1 

Total-- 


11.45 

.33 

2.29 

.02 

14.09 

77.7 

14.1 

61.6 

153.4 

Sodium sulphate... 

(First— 

3. 56 

.43 

3.79 


7.78 

57,7 

11.1 

33.0 

101. S 

•(Second.. 

3. 16 

0 

0 

.02 

3.18 

16.1 

2.3 

15.9 

34.3 


iThird— 

1.16 

0 

.63 

.03 

1.82 1 

0 

1.2 

14.5 1 

15.7 

Total-. 


7.88 

.43 : 

4. 42 

.05 

12. 78 

73.8 

14.6 

63. 4 

151,8 

Calcium chloride— . 

(First— 

6.33 

.33 

.58 

.02 

6.06 

11.5 

i 2.9 

27.6 

42.0 

•^Second- - 

.74 

0 

.42 

0 

1. 16 

0 

.2 

11.9 

12.1 


iThird— 

1.28 

. 0 

0 

0 

3.28 

0 

.6 

3.9 

9. 5 

Total- 


7. 36 

.33 

1.00 

,02 

8.50 

^ 11,6 

3.7 

48.4 

63.6 

Calcium sulphate. . 

(First.... 

6.21 

.41 

.94 

,01 

6.57 

14-8 

5.0 

29. 1 

48.9 

•^ Second - 

1 1.31 

0 

i ■ :71 

0 

2.02 

0 

.3 

14.2 

14.6 


iThird... 

.49 

0 

.91 

0 

3.40 

0 

.6 

10.9 

11,5 

-"■ 'TotaL— .. 


7.01 

.41 

2.66 

.01 

9. 99 

14.8 

6.9 

64.2 

74.9 


^ Each experiment comprised 3 successive 15-day aeration periods, the first, second, and third being 
clays 1-15, 16-30, and 31-45, respectively. Each period was preceded and followed by a hto-1 extraction 
with an electrolyte. Controls were extracted with distilled water. 

, ®Ry difference: Total:'N'ininus;N03, miuus'NH4. 

3 With this soil, control extractions with distilled water were not technically feasible. 
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Table 1 . —Effect of sodium and calcium chlorides and sulphates on quantity of 
nitrogen and carbon released by aerated soils — Continued ^ 

SOIL T 


Released per kilogram soil, oven-dry basis 



i 

Period of 
aeration 


Nitrogen 



Carbon 


Electrolyte 

Extracted 

Volatil- 

ized 

ammo- 

nia 


Extracted 

Volatil- 

ized 

carbon 

dioxide 




Nitrate 

Ammo- 

nium 

other 

forms 

Total 

Organic 

carbon 

Bicar- 

bonate 

Total 



Milli- 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- 
gram \ 
atoms i 

Milli- 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- 

gram 

atoms 


[First 

9.65 

0 

0. 61 

0 

10.26 

8.6 i 

2.4 

15.4 

26.4 

Sodium chloride 

{Second- 

.71 

0 

.14 

0 

.85 

7.1 i 

1.4 

20.4 

28.9 


[Third— 

.89 

0 

.08 

0 

.97 

4.9 

1.6 

21.4 

14.9 

Total 


11.26 

0 

.83 

0 

12.08 

20.6 

5.4 

57.2 

70.2 


[First— 

9.74 

0 

. .17 1 

0 

9.91 

6.7 

2.7 

16. 9 

26.3 

Sodium sulphate..^ 

'{Second-. 

1. 10 

0 

0 1 

0 

1.10 

4.8 

.8 

17.4 

23.0 

[Third— 

.32 

0 

.28 

0 

.60 

4.5 

1.2 

7.7 

13.4 

Total-- 


11.16 

0 

,45 

0 

11.61 

16.0 

4.7 

42.0 

62.7 


[First 

■^Second . 
[Third — 

9.32 

0 

.36 

0 

9. 68 

7.2 

2.0 

12.8 

22.0 

Calcium chloride... 

.64 

0 

.04 

0 

.68 

.2 

1.0 

18.0 

19.2 


.96 

0 

0 

0 

.96 

1.4 

1.0 

12.8 

15.2 

Total--...--. 


10.92 

0 

.40 

0 

11.32 

8.8 

l.n 

43. 6 

56.4 


[First— 

•.’Second-. 

; (Third... 

7.26 

0 

.30 

0 

7.56 

3.1 

2.0 

15.0 

20. 1 

Calcium sulphate.. 

.91 

0 

0 

0 

.91 

1.8 

1 .6 

10.2 

12.6 

.53 

0 

.18 

0 

.71 

.9 


6.8 

8.6 

Total 


8.70 

0 

.48 

0 

9.18 

5.8 

■ 3.5 

32.0 

41.3 


[First— .- 

9.30 

0 

.33 

0 

9. 63 

9.4 

3.5 

13.4 

"liri 

Distilled water 

{Second- 

1.08 

0 

.15 

0 

1.23 

1.3 

1.5 

19.6 

22.4 


: [Third— 

1.34 

0 

.03 

0 

1.37 

3.2 

1.0 

13.8 

18.0 

Total.--—.. 


11.72 

0 

.51 

0 

12.23 

13.9 

6. 0 

46.8 

66.7 


Comparisons made in table 5 suggest the term ^^stimulation’’ as 
descriptive of the effect of sodium salts on the transformations of 
carbon and nitrogen in the soils under the experimental conditions 
previously outlined. The stimulating effect of the sodium salts is 
manifested in the increased quantities of nitrate, total nitrogen, 
carbon dioxide, and the soluble forms of carbon that were released 
in the course of the incubation-extraction treatments (tables 1 and 2). 
While the differences between the sodium-treated soils and the 
distilled-water series were not so great as the differences between the 
sodium-treated and the calcium- treated soils, they were significant 
in three cases out of four. There was no appreciable difference be- 
tween the effects of sodium chloride and of sodium sulphate on the 
transformations of the organic matter in the soil, despite one rather 
striking exception (table 2). The differences between calcium 
chloride and calcium sulphate, however, were conspicuous and 
irregular. In contrast with the observations of Greaves et al. {11), 
calcium sulphate was found to be more often a deterrent than a 
stimulant to nitrification. The stimulating effects of the sodium 
salts previously shown; were emphasized in cohsequence of the pre- 
saturation of the soil with sodium (soil F-Na) . The striking increase 
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in the production of nitrate parallels, in some respects, the experience 
of Greaves (10) with leached alkali soils. The failure of the ionic 
antagonism to manifest itself in the sulphate-treated soil F-Na is 
rather surprising and cannot be harmonized with the results of 
Lipman (ll). 

Table 2. — Effect of sodium and calcium chlorides and sulphates on the quantity of 
nitrogen and carbon released by soils in the absence of aeration 

SOIL F 


Released per kilogram of soil, oven-dry basis 





Nitrogen 



Carbon 


Electrolyte 

incubation 1 


Extracted 

1 


Extracted 


1 


Nitrate 

Ammo- 

nium 

Other 
forms 2 

Total 

Organic 

carbon 

Bicar- 

bonate 

Total 



Milk- 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- 

gram 

atoms 


(First 

6. 23 

0 

0. 57 

6.80 

0 

1.3 

1.3 

Sodium chloride 

•{Second 

1.17 

0 

.89 

2.06 

4.0 

2. 1 

6. 1 


[Third 

1.36 

0 

.61 

1.97 

0 

1.4 

1. 4 

Total 


8. 76 

0 

2.07 

10.83 

4.0 

4.8 

8.8 


[First 

[Third 

7.06 

0 

.12 

7.18 

0 

2.4 

2.4 

Sodium sulphate 

0 

.41 

.68 

1.09 

7.7 

9.0 

16.7 

2.55 

0 

0 

2.55 

0 

1.6 

1.6 

Total 


9.64 

.41 

.80 

10. 82 

7.7 

13.0 

20. 7 


(First.. .... 

6. 61 

0 

.14 

6. 75 

0 

1.0 

1.0 

Calcium chloride. 

•^Second 

.21 

0 

.52 

.73 

.3 

.6 

.9 


[Third 

1.19 

0 

0 

1.19 

0 

.8 

.8 

Total 


8.01 

0 

.66 

8. 67 

.3 

2. 4 

2. 7 


(First 

.17 

1.42 

.68 

2. 27 

0 

11.1 

11.1 

Calcium sulphate 

•{Second 

0 

.64 

.93 

1.57 

.3 

6.7 

7.0 

(Third 

1. 85 

0 

0 

1.85 

0 

1.6 

1.6 

Total 


2.02 

2. 06 

1. 61 

5.69 

.3 

19.4 

19.7 


(First 

7.04 

0 

0 

7. 04 

0 

1.2 

1.2- 

Distilled water 

•^Second 

1.30 

0 

.53 

1.83 

.9 

2.8 

3.7 


[Third 

1.05 

0 

.12 

1.17 

0 

1.1 

1.1 

Total 


9.39 

0 

,65 

10. 04 

.9 

5.1 

6.0 


SOIL F-Na 3 


Sodium chloride. 

(First 

4.32 

0. 41 

1. 50 

6.23 

32.3 

3.6 

35.9 

•(Second 

1.44 

.01 

2.78 

4.23 

57.1 

5.2 

62.3 


[Third 

0 

.86 

.27 

1. 13 

31.0 

0 

31.0 

Total...' 


5. 76 

1.28 

4. 55 

11.59 

120.4 

8.8 

129.2 


(First 

4. 32 

.83 

1. 22 

6.37 

39. 9 

3.6 

43.5 

Sodium sulphate 

•{Second 

0 

.15 

2. 59 

2. 74 

65.0 

6.5 

71.5 


[Third 

.20 

1. 12 

1. 02 

2.34 

30.3 

0 

30.3 

Total 


4. 52 

2.10 

4.83 

11.45 

135.2 

10. 1 

145.3 


(First 

1.44 

.28 

.60 

2. 22 

14. 1 

.8 

14.9 

Calcium chloride. 

•^Second-... 

.83 

,16 

.34 

1.33 

12.6 

1.3 

13.9 


[Third 

1.11 

.49 

0 

1. 60 

0 

.5 

.5 

Total.... .... 


3. 38 

.93 

.84 

5. 15 

26.7 

2.6 

29.3 

Calcium sulphate....— 

(First-—- 

3.46 

.41 

.98 

4.85 

21.8 

1.7 


i Second,... 

.11 

.38 

.48 

.97 

2.5 

1.6 

4.1 


[Third 

0 

.52 

.11 

.63 

2.4 

. 1 

2.5 

' , Total-...-. 


3.67 

1.31 

1.57 

6.45 

26. 7 

3.4 

30.1 


1 The first, second, and third 15- or 30-day periods of incubation included days 1-30, 30-45, and 45-60 
respectively for soil F; days 1-15, 16-30, 31-45 respectively for soil F-Na; and days 1-15, 16-30, and 31-60 
respectively for soil T. Each period v-^as preceded and followed by a 1-to-l extraction with an electrolyte. 
Controls were extracted with distilled water, 
f By difference: Total N minus NOs, minus NH 4 . 

3 With this soil, control extractions with distilled water were not technically feasible. 
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Table 2 — -Effect of sodium and calcium chlorides and sidphates on the quantity of 
nitrogen and carbon released by soils in the absence of oerah'on— Continued 

SOIL T 


Released per kilogram of soil, oven-dry basis 



Period of 
incubation 


Nitrogen 



Carbon 


Electrolyte 

Extracted 



Extracted 




Nitrate 

Ammo- 

nium 

Other 

forms 

Total 

Organic 

carbon 

Bicar- 

bonate 

Total 



1 MUli’ 
gram 
atoms 

MilH’ 1 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- 

gram 

atoms 

Milli- i 
gram 
atoms 1 

Milli- 

gram 

atoms 


(First-- 

9.58 

0.06 

0. 25 

9.89 

9.1 

3.2 i 

12.3 

Sodium chloride 

1 Second 

0 

.03 

0 

.03 

6.0 

2.4 

8.4 

(Third 

2.87 

0 

1.13 

.. , , 

4.0 

3.7 

1.7 

5.4 

Total — 


12.45 

.09 

1.38 

13.92 

18.8 

7.3 

26.1 


[First-. 

8.99 

.07 

.74 

9.80 

7.9 

’^ 2 . 4 " 

10.3 

Sodium sulphate - 

1 Second 

0 

.01 

0 

.01 

5.1 

2 0 

7.1 

(Third 

.29 

.12 

.91 

1.32 

7.8 

4.9 

12.7 

Total : 


9.28 

.20 

1.65 

11.13 

20.8 

9.3 

30.1 


(First—— 

7.92 

.26 

.48 

8. 66 

6.1 

3.9 

10.0 

Calcium chloride 

{Second 

0 

.01 

0 

.01 

4.4 

.4 

4.8 


(Third 

1. 70 

.17 

.23 

2. 10 

1.9 

1.1 

3.0 

Total 


9.62 

.44 

.71 

10.77 

12.4 

5.4 

17.8 


(First-— 

8.23 

.16 

.55 

8. 94 

6.5 

1.7 

8.2 

Calcium sulphate 

{Second 

.35 

.14 

0 

.49 

3.0 

1. 4 

4.4 

(Third 

1.76 

.03 

.32 

2.11 

3.5 

1.2 

4.7 

Total 


10. 34 

.33 

.87 

11.54 

13.0 

4.3 

17.3 


(First— 

7. 87 

.02 

.35 

8. 24 

' 6.5 

4.3 

10. 8 

DistiHed water,. 

{Second 

0 

.07 

0 

.07 

3.2 

.9 

4.1 


(Third 

2.28 

0 

0 

2,28 

4.1 

1.7 

5.8 

Total 


10. 15 

.09 

.35 

10.59 

13.8 

6.9 

20.7 


An attempt to explain the stimulating effect of the sodium salts 
upon nitrification and the production of carbon dioxide, and the 
increase in the amounts of soluble nitrogen and carbon released under 
the influence of the sodium salts, leads, in the present state of our 
knowledge, to the following considerations: 

The greater solubility of the organic matter of the soil in the 
presence of the sodium salts is indicated by the consistently larger 
quantities of the organic carbon that were present in the extracts of 
the sodium-treated soils. An increase in the solubility of the organic 
matter may in itself prove to be a stimulant to the microbiological 
processes in the soil under favorable environmental conditions. This 
stimiuation may be due to a simple increase in the available amounts 
01 substances needed for the development of the soil microfiora, to a 
possible increase in the amounts of soluble phosphate in the presence 
01 dissolved organic matter, or to some complicated and obscure 
mluence that may be designated as the "^specific’ V effect of the dis- 
solved^ organic rnatter. A remarkable increase in the density of 
<>bs^ 5 ^ved by Chizhevsky (.4) ^ consequence 

01 the saturation of the soil with sodium can be attributed either to 
‘ ? T sodium on the environment or to the increase 

m the soluble organic matter or to both. 



Table 3.- — -Total nitrogen and carbon in air-dry soils at the beginning and at the end of the tests 
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Removed 

during 

exper- 

iment 

, eo I-H 


o 

o 

r-t 


Differ- 

ence 

iilf”TTT7771' I'll 


o 

O 


Final 

total 

.JL eo‘0«aOOOt-HiOMa<MO«OOc»C3SO 

~ g ^ tH tH t-4 I-H r-l i-( T-l T-< r-< 

'3 

CD 



Initial 

total 

' ^ 09 CD <M <M 

.2 s 2* eo (M lO 

rs ^ ^ 

. .. , 

03 

& 

03 

fl 

P 

bC 


Removed 

during 

exper- 

iment 

Milli- 

gram 

atoms 

1.1 

1.1 

.9 

.6 

1.0 

1.2 

1.1 

.5 

.6 

1.4 

1.1 

1.1 

1.1 

1.0 


o 

o 

ft 


Differ- 

ence 

jj ooOi-<COCOCOC»I>.(MT(HOaOr-(i-Hr-l 

:s !•§ M ‘ ' 1 1 1 1 1 1 1 1 1 1 

Kq ca 5j 


CD 

bc 

o 
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Table 4:~Carhon-nitrogen ratios of air-dry soils at the heginniag and at the end of ' 

the tests ■' 


Soil 


F~NaL. 


Electrolyte 


[Sodium Chloride- 
Sodium sulphate - 
Calcium chloride. 
Calcium sulphate. 
[Distilled water-.. 
[Sodium chloride.. 
I Sodium Sulphate- 
Calcium chloride. 
i Calcium sulphate. 

I Sodium Chloride- 
Sodium Sulphate- 
Calcium chloride. 
Calcium sulphate 
Distilled water... 


Ratio of t(tt:il carLon to total nitrogen in- 


Aerated soil 


Initial 


Millioram 

afrrms 


12. 5 


12.2 


Final 


atoiM 
10. 1 
10 . 
11. 1 
11.8 
12. 2 
1 L 5 
12.8 
12.8 
n. 1 

9, 7 
9. 0 
11. 1 
10. .5 
10. 2 


XTriaerated soil 


Initial Final 


Milligram 

atoms 


12.5 


12.2 


8.2 



t Extraction of this soil with distilled water was not technically feasible. 


Table 5. — Total nitrogen and total carbon released by soils, expressed as percentages 
of the calcium chloride-treated series 



Total nitrogen in— 


Total carbon in 



Electrolyte 

Aerated soil 

IJnaerated soil 

Aerated soil 

U naerated soil 


F 

F~Na 

T 

F 

F-Na 

T 

F 


T 

F 

F~Na 

T 


PcL 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pd, 

Pd. 

Pd. 

Pd. 

PcL 

Sodium ehloride. .-- . 

123 

166 

107 

125 

225 

129 

178 

241 

136 

326 

441 

147 

Sodium sulphate 

122 

150 

103 

125 

222 

103 

187 

239 

112 

767 

49(i 

169 

Calcium chloride 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Calcium sulphate. ... 

89 

118 

81 

66 

125 

107 

91 

118 

73 

730 

103 

97 

Distilled water . 

114 

(0 

108 

116 

0) 

98 

119 

0) 

118 

' 222 

(‘) 

116 


t Extraction of this soil with distilled water was not technically feasible. 


The greater solubility of the organic matter in the sodium-treated 
soils cannot be understood so easily as some superficial considerations 
would lead us to believe. Neither the percentage of sodium in the 
soil extracts, nor the pH trends, nor the amounts of carbon dioxide 
released, nor the amounts of nitrogen nitrified can be related directly 
to the amounts of humus extracted at any given time. Nor is there 
any significant parallelism between any two of the above-enumerated 
quantities insofar as the rates of their release are concerned. The 
total amounts of carbon, however, released from period to period 
(l~lo days, 16-30 days, etc.) do parallel the total amounts of nitrogen 
released^during the same period, in the sense that the greater amounts 
m one irequently correspond to the greater amounts of the other. 
Ine grand total amounts of nitrogen and carbon, on the other hand, 
representing the cumulatiye' effects bf the entire experiment, suggest 
the possibility of correlation, if not of proportionality. It may be 
oDserved here that the carbon-nitrogen ratio of the extracts of all 
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sodium-treated soils is substantially higher than it is for the corre- 
sponding calcium-treated soils. 

The amounts of nitrogen released by the soils invariably decreased 
from period to period. The bulk of nitrate and of the total nitrogen 
was, as a rule, extracted after the first 15 days of the incubation. 
There was no such abrupt change in the production of carbon dioxide, 
however, while the amounts of the soluble carbon, after a drop 
between the fifteenth and the thirtieth day of the incubation, would 
often increase during the next 15-day period. The stimulating effect 
of the sodium salts was repeatedly manifested throughout the entire 
range of these fluctuations, although the degree of stimulation varied 
considerably from time to time and from soil to soil. 

The fluctuations in the rate of the transformations of organic 
matter in the soils suggest, perhaps, a degree of periodicity in the 
activities of the different groups of the soil micro-organisms. The 
reactions of the carbon and nitrogen cycles in the soil, though inter- 
dependent, may not be entirely contemporaneous. Moreover, as 
the relative proportions of the inorganic constituents in the soil 
moisture are altered, in the course of the present experiment, in the 
direction of a complete proponderance of either sodium or calcium 
salts, the possibilities of the ionic antagonism (If) become minimized. 

The release of nitrogen by the soils was stimulated to the extent 
of 7 to 70 percent in the presence of sodium salts if the comparison 
be made on the basis of the corresponding and parallel calcium- 
treated series. A far greater stimulation was observed in the trans- 
formations of the soil carbons. It would seem reasonable therefore 
that the sodium-treated soils, having lost relatively more carbon than 
nitrogen in the course of the experiment, would be left with a narrower 
C : N ratio than they had heretofore possessed. This, however, was 
not always the case (table 4). 

There were unaccounted-for gains in nitrogen, suggestive of nitrogen 
fixation, in soil F. The unaccounted-for losses of both carbon and 
nitrogen (table 3), observed in the majority of cases, had probably 
taken place during the 6 weeks^ drying in the air that followed the 
incubation-extraction treatments, and, perhaps, during the extraction 
periods. Significant as these losses are, they scarcely invalidate the 
measurements of either the released or the residual amounts. The 
C : N ratio of soil F tended to become narrower, regardless of treat- 
ment. This tendency, however, was much more emphatic in the 
presence of sodium salts than in the presence of calcium salts. Soil 
T, on the other hand, tended to increase its C : N ratio in all instances. 
Here, again, the narrower ratio was found in the case of the sodium- 
treated soils. It appears, accordingly, that, at least in this particular 
instance, sodium salts exert an influence of their own on the C : N 
ratio of the soil. 

Among minor observations incidental to the main purpose of the 
experiment, the effect of sulphate on the unaerated soil F is to be 
noted. Here the preponderance of gypsum, as well as of sodium sul- 
phate, though to a lesser extent, was soon accompanied by the appear- 
ance of large amounts of bicarbonate and ammonia and by the odor 
suggestive of the reduction of the sulphates.^ After 30 days nitrate 
disappeared from the soil solution. It is of interest that the 30-day 
extract of the gypsum-treated soil attains the threshold of phenol- 
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phthalein alkalinity. It is likewise of interest that the reducing 
properties of sulphate-treated soils apparently lost some of their 
intensity some time after the 45 days' incubation. ^ No such effects 
were observed in the other two soils, although the nitrification appar- 
ently ceased in both (with the exception of the calcium chloride- 
treated F-Na and the calcium sulphate-treated T) after 15 to 30 
days’ incubation. 

The release and volatilization of ammonia by the aerated soil F 
can hardly be harmonized either with characteristics of the medium 
(such as its aerobic character and only faintly alkaline pH) or with 
the opinion that the release of ammonia in the soils is one of the conse- 
quences of the narrowing of their C : N ratio {17). One may sup- 
pose that, in this particular soil, ammonia had been removed by the 
stream of air before it could be nitrified, ^ on the general assumption 
that ammonification normally preceded nitrification. 

CONCLUSIONS 

Conservation of soil organic matter in the form of stable humus 
reserves is regarded by agronomists as an important aspect of the 
major problem of maintaining the productivity of soils. It has been 
recognized in this connection that sodium, absorbed or present in the 
soil solution, tends to promote depletion of organic reserves of the soil 
{9). Emphasis heretofore has been placed on sodium primarily in 
connection with high alkalinity. The results of the present investi- 
gation indicate that neutral salts of sodium, even in concentrations 
sufficient to prevent defiocculation of the soil, dissolve significant 
quantities of organic matter. The presence of neutral salts in soils 
can be regarded, accordingly, as a factor unfavorable to the conserva- 
tion of organic matter. 

The stimulating effect of sodium salts on mineralization of nitrogen 
and, perhaps, on the solubility of other nutritive substances of the 
soil, has agronomic consequences and invokes important nutritional 
considerations. To what extent the beneficial effects that sometimes 
have been observed to follow the application of sodium chloride to 
lands can be attributed to the sodium effect as dislinct from the 
chloride effect cannot now be stated. The results here presented 
suggest, however, that in many instances the observed responses have 
occurred at the expense of the organic reserves of the soil. 

SUMMARY 

The effect of sulphates and chlorides of sodium and calcium on the 
microbiological transformations of the organic matter in two sandy 
loam soils was studied by determining volatile and soluble products of 
bacterial action that were released by aerated soils in the course of 
three successive 15-day incubation periods, each preceded and followed 
by a 1-to-l extraction with N/20 solutions of the indicated electrolytes. 
Parallel series of tests were conducted with the same soils incubated 
in the absence of artificial aeration. The experimental results sug- 
gested the following conclusions: 

(1) The release of nitrate and of total nitrogen, as well as of the 
soluble and volatile forms of carbon, is stimulated, often to a great 
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extent, by the sodium salts and depressed by the corresponding cal- 
cium salts, regardless of aeration. 

(2) Presaturation of the soil with sodium tends to emphasize the 
stimulating effects of the sodium salts. 

(3) The carbon-nitrogen ratio of the undissolved organic matter 
of the soilds lower in the sodium-treated than in the calcium-treated, 
aerated soils. 

Without attempting to explain the mechanism of the stimulating 
effects of sodium salts, the author discusses these effects with refer- 
ence to the influence of sodium on the soil organic matter and to the 
possible physiological influences of the soluble organic matter, as well 
as of the electrolytes themselves, on the activities of the organisms 
responsible for the carbon and nitrogen transformations in the soil. 
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AN APPARENT INDUCED LOSS OF NITROGEN-FIXING 
ABILITY IN AZOTOBACTER * 



By Charles R. Stumbo, formerly graduate assistant in bacteriology, md P. L. 

Gainey, soil bacteriologist, Kansas Agricultural Experiment Station 

INTRODUCTION 

There is abundant evidence that Azotohacter will not make use of 
free atmospheric nitrogen in its metabolism if it has at its disposal an 
adequate quantity of available combined nitrogen. Such being the 
case, it does not seem unreasonable to suppose that if cultures of the 
organism were grown under conditions where the utilization of atmos- 
pheric nitrogen was completely suppressed for a sufficient period the 
organism might lose its ability to metabolize free nitrogen. Such 
an alteration in the metabolism of Azotohacter would be of interest 
from a practical as well as from a theoretical point of view since in 
fertile soils a concentration of available nitrogen sufficient to inhibit 
fixation is frequently present for considerable periods of time. Bris- 
coe ^ has recorded a limited amount of data indicating that some such 
change does take place; she found that after prolonged growth on 
media high in nitrate nitrogen some strains of Azotohacter did not 
grow normally when transferred to a medium low in fixed nitrogen. 
The primary objectives of the present investigation were to verify 
Briscoe^s work and to ascertain whether the failure of Azotohacter to 
grow normally on a nitrogen-low medium after culture at high con- 
centrations of nitrate nitrogen could be attributed to a loss of its 
ability to metabolize free nitrogen. 

PROCEDURE 

Pure cultures of Azotohacter chroococcum (all strains studied pro- 
duced a black pigment and were arbitrarily classed as chroococcum) 
were isolated from local soils and grown both on nitrogen-free^ mannite 
agar and on the same medium containing various concentrations of 
nitrate nitrogen as potassium nitrate. Transfers were made every 
3 or 4 days and incubation was at 28® to 30® C, In this way it was 
possible to determine the ability of any particular strain to tolerate 
nitrate nitrogen. After various intervals, transfers were made from 
the highest concentrations of nitrate nitrogen agar upon which normal 
(macroscopically equal to growth on nitrogen-free agar) growth took 
place to nitrogen-free agar, and to agar containing very low concen- 
trations of nitrate nitrogen. By comparing the growth of the various 
strains on (1) the high nitrate nitrogen agar, (2) the high nitrate 
nitrogen agar cultures transferred to nitrogen-free agar, and (3) the 

1 Received for publication Decemlber 31, 1937; issued August 1938. 

2 Briscoe, Faith Winifred, the effect of available nitrogen upon the growth and nitrogen- 
fixing ability of azotobacter. Master Sci. Thesis, Kansas State College Library. 1933. 

Contribution No. 171, Department of Bacteriology, Kansas Agricultural Experiment Station. 

3 “Nitrogen-free" as used in this paper refers to agar that contained no more than 5 to 10 p. p. m. of com 
bined nitrogen. 
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same strain grown continuously on nitrogen-free agar, it was possible 
to note any marked change in the growth of a given strain on nitrogen- 
free agar resulting from previous prolonged growth under conditions 
where nitrogen fixation was suppressed. More than 150 strains were 
studied in this way. 

PRELIMINARY DATA 


In a recent paper from this laboratory ^ data were submitted rela- 
tive to the tolerance of Azotohacter chrodcoccum to nitrate nitrogen. 
These data indicated considerable strain variation in this respect, 
but most of the strains tested grew readily on mannite agar contain- 
ing 3,000 to 4,000 parts per million of nitrate nitrogen. Additional 
strains have been tested and the results previously reported are 
amply verified by the data obtained. 

Attention was also called in the above-mentioned paper to an 
apparently greater toxicity of the nitrate ion when cultures were 
transferred at infrequent intervals, a number of cultures having been 
accidentally lost by failure to transfer at the regular s- to 4-day inter- 
val. Additional information was sought on this point and sufficient 
data relative thereto are on record to prove that the earlier observa- 
tions were correct. 

In table 1 are presented data showing the concentrations of nitrate 
nitrogen tolerated by one series of 46 freshly isolated and 3 previously 
isolated strains, together with records of growth of each strain on 
nitrogen-free and on 100 p. p, m, nitrate nitrogen agar, after having 
been grown on the high nitrate nitrogen agar for 105 days. The 1,000, 
3,000, and 4,000 p. p. m. of nitrate nitrogen were the highest concen- 
trations tested upon which the various strains listed thereunder would 
consistently produce normal growth. The term ^^normaP^ as here 
used merely means that the growth appeared macroscopically to 
equal that of the same culture growing continuously on the nitrogen- 
free agar. The concentration of 100 p. p. m. of nitrate nitrogen agar 
was employed because previously reported investigations (Burk et 
al.) ® indicated that this was approximately the minimum concentra- 
tion that would supply adequate nitrogen for maximum growth with- 
out the assimilation of atmospheric nitrogen. 

In subsequent discussions the cultures that were kept continuously 
on nitrogen -free agar will be referred to as the 0 cultures, while those 
maintained on 1,000, 3,000, 4,000, etc., p. p. m. of nitrate nitrogen 
agar will be referred to as the 1,000 p. p. m., 3,000 p. p. m., 4,000 
p. p. m., etc., cultures. 

From the data presented in table 1 it is evident that all 1,000, 
3,000, and 4,000 p. p. m. cultures grew readily when transferred to 
100 p. p. m, nitrate nitrogen agar, but that 18 of the 49 cultures 
tested in this instance failed to grow or grew very poorly on the 
nitrogen-free agar. The difference in the growth of strain 4,000 
p. p. m. 0-2 and 0 0-2 upon a nitrogen-free agar is illustrated in 
figure 1. The number of strains growing abnormally on nitrogen- 
free agar, following growth on high nitrate nitrogen agar, was con- 
siderably larger than noted in previous tests. In view of the fact 
that the so-called nitrogen-free agar actually contained from 5 to 10 

J Oainey, P. L. the tolerance or nitrate by bxjre cultures of azotobacter. Soil Sci. 42: 445-459. 
.1936. . ■ ' 

5 Burk, Bean, Lineweaver, Hans, and Horner, G. Kenneth, the specific influence of acidity 
ON THE mechanism OF NITROGEN FIXATION BY AZOTOBACTER. JoUF. Bact. 27: 325-340, illUS. 1934. 
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p. p. m. of nondializable nitrogen, it was thought that the limited 
growth observed might have resulted from the utilization of this 
nitrogen. 


Table 1 . — Relative growth of 49 cultures of Azotohaeter in media containing 0 and 
100 p. p. m. of nitrate nitrogen following 106 days’ growth at higher concentrations 
of nitrate nitrogen 


1,000 p. p. m,i 

3,000 p. p. m.i 

4,000 p. p. m.i 

Culture 

Growth 

on 

nitrogen- 
free agar 2 

Growth 
at 100 
p. p. m. 
nitrate 
nitrogen 

Culture 

Growth 

on 

nitrogen- 
free agar 

Growth 
at 100 
p. p. m, 
nitrate 
nitrogen 

Culture 

Growth 

on 

nitrogen- 
free agar 

Growth 
at 100 
p. p. m. 
nitrate 
nitrogen 

K 1 

4 

4 

E-3 

3 

3 

D-3 

3 

3 

Tr -2 

4 

4 

C-4. ' 

4 

4 

I-l 

3 

3 

R-l 

4 

4 

J -6 

4 1 

4 



? ^ 

3 

F 1 

4 

4 

0-3 - 

3 

3 

1-3 

3 

3 

T 2 

? 

3 

1 

? 

3 

I-4„-..._-. 

4 ^ 

4 

B-l 

? 

3 

4-. 

9 

2 

1-5. 

3 

3 

Ti-:i 

9 

4 

6 a 3 

9 

3 

1-6 

3 

3 

■R-4 

4 

4 

E -1 

3 

3 

... 

4 

4 

H -.2 

4 

4 

G-2 

4 

4 

N-2 

3 

3 

A -4 

? 

4 

G-3 

4 

4 

N-I 

4 

4 

F-2 

9 

3 

G-1- - 

4 

4 

N-4 

? 

2 

C-1 

4 

4 

H-2 

3 

3 

0-2 

9 

3 

C-2 

9 

3 

J-1 

9 

3 

P-1 

? 

2 

C-3 .. 

4 

4 

J-3.- 

3 

3 

P-3 - 

9 

3 

N-3 

1 

1 

L-1.--. 

3 

3 

5b 3 

9 

3 

0 

4 

4 

N-5 

4 

4 




L-2 

9 

4 







6a 3 

9 

4 








1 Concentration of nitrate nitrogen at which Azotohaeter was cnltured for 105 days. 

2 ? indicates slight or no visible growth after 3 days; 1, 2, 3, and 4 indicate increasing quantities of growth, 
4 representing normal growth of the strain in question when cultured on nitrogen-free agar continuously. 

3 Cultures grown at higher concentration for approximately 7 months. 

It is obvious from these results that some change had taken place 
in the physiological make-up of certain strains of Azotohaeter as a 
result of their being cultured on an agar medium of high nitrate 
nitrogen content. Subsequent tests proved that if the quantity of 
nitrate nitrogen furnished the 18 ''abnormal” strains was inadequate 
to supply the needs of the organism, growth of young cultures was 
more or less proportional to the available nitrogen, whereas, growth 
of the other 31 strains was independent of the fixed nitrogen supplied. 
The most obvious inference to be drawn from these results is that the 
abnormal strains had partly or completely lost their ability to utilize 
atmospheric nitrogen. Definite proof of such an alteration, is, how- 
ever, not so easily obtained. 

GROWTH AND NITROGEN FIXATION ON AGAR 

Quantitative methods were resorted to in an effort to ascertain 
whether the very limited growth produced by the 18 abnormal cul- 
tures on nitrogen-free agar was due to the assimilation of the 5 to 
10 p. p. m. of fixed nitrogen present in the medium and whether the 
treatment to which the cultures had been subjected had altered their 
ability to utilize free nitrogen. 
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immediately analyl^dfoTS 
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" • Fisher, eotald aylmee sta trogen Content between the 

PP., Ulus. Edinburgh and London methods for heseaech workers. Ed. 5, r«v. and onl 319 
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controls and treated sanaples P=0.4, then the probability is that 4 
times out of 10 a value equal to that recorded will be due to chance 
alone. Differences for which the value P is greater than 0.05 are 
not regarded as significant. 


Table 2.— Growth and nitrogen fixed hy cultures 5h and I on agar vwrying in 
nitrogen content^ with an incubation period of 3 days 

CULTURE 5b 


Experiment 
No. and calcu- 
lated nitrate 
nitrogen added 
to media 
(p. p. m.) 

Controls 

4,000 p. p. m. culture ^ 

0 culture ^ 

Nitrate 
nitrogen 
per 50 
cc media 
as deter- 
mined 

Total 
nitrogen 
per 50 
cc media 
as deter- 
mined 

Ob- 

served 

growth 

Total 
organic 
nitrogen 
per 50 
cc media 
after 
growth 

Nitrogen 
fixed 
per 50 
cc media 

P 

Ob- 

served 

growth 

Total 
organic 
nitrogen 
per 50 
cc media 
after 
growth 

Nitrogen 
fixed 
per 50 
cc 

of media 

p 

Experiment 1: 

Mg 

Mg 


Mg 

Mg 



Mg 

Mg 


0 . 

0 

0.45 

3 ? 

0.50 

0. 05 

0.4 

4 

3. 39 

2.84 

0.01 

50 

2. 39 

2. 84 

2 

3.23 

.39 

.8 

4 

5. 39 

2. 55 

.01 

100 - 

4.80 

5.25 

3 

6.20 

. 95 

.01 

4 

6. 50 

1. 25 

. 01 

150 

7. 22 

7. 67 

4 

8. 21 

.54 

.3 

4 

9.00 

1,33 

.01 

Experiment 2: 











0 

0 

.48 

1 

1.26 

.78 

.01 

4 

4.41 

3.93 

. 01 

50 

2. 49 

2.97 

3 

6. 17 

3.20 

. 01 

4 

6 . 34 

3.39 

.01 

100 

5. 01 

5.74 

4 

7.29 

1.55 

.01 

4 

7. 71 

1.97 

.01 

Experiment 3: 











0 - 

0 

. 40 

? 

.56 

.16 

.2 

4 

6, 61 

5. 21 

.01 

10 

.51 

.91 

1 

1.26 

.35 

.05 





25 

1. 36 

1. 76 

2 

2. 51 

1.15 

.01 





50 

2. 62 

3.02 

3 

4.07 

1.05 

.01 


- 



100 -- 

5. 46 

5 . 86 

4 

6.75 

.89 

.01 





150 

7.74 

8. 14 

4 

9. 03 

.92 

.01 















CULTURE t-2 


Experiment 1: 











0 

0 

0. 45 

1 

1.29 

0.84 

0. 01 

4 

6.35 

5.90 

0. 01 

50 - 

■ 2.39 

2. 84 

4 

4.31 

1. 47 

.01 

4 

5. 94 

3.10 

.01 

100 — - 

4. 80 

5. 25 

4 

6.66 

1.41 

.01 

4 

7.08 

1.83 

.01 

150 

7. 22 

7. 67 

4 

8. 03 

.36 

.05 

4 

9. 00 

1.33 

.01 

Experiment 2: 











0 

0 

.48 

1 

2. 07 

1.59 

.01 

4 

8 . 34 

7.86 

.01 

50 

2.49 

2. 97 

3 

5. 33 

2.36 

.01 

4 

7.01 

4.04 

.01 

100 . 

5. 01 

5.73 

4 

6.93 

1.20 

.01 

4 

7.50 

1. 77 

.01 

Experiment 3: 











0 

0 

.40 

1 

.84 

.44 

.01 

4 

10. 02 

9.62 

.01 

10 

. 51 

. 91 

2 

1.47 

.56 

.01 





25 

1 . 36 

1. 76 

3 

3.12 

1 1.36 

.01 





.<10 

2. 62 

3. 02 

4 

5. 55 

2. 53 

.01 





100 

5. 46 

5 ' 86 

4 

8.62 

2.76 

.01 





150 

7. 74 

8. 14 

4 

10. 31 

2.17 

.01 














1 Previously grown at 4,000 p. p. m. nitrate nitrogen. See text for meaning of F. 

2 Previously grown on “nitrogen-free” agar. 

3 See footnote 2 , table 1 . 


The quantity of nitrogen fixed was obtained by subtracting the total 
quantity of nitrogen originally present in the medium from that found 
at the end of the incubation period. This procedure seemed justifiable 
since in every instance except one qualitative tests for nitrate nitrogen, 
as well as the total quantity of organic nitrogen present, indicated that 
all nitrate nitrogen had been used up by the organisms. / 

The data presented in tables 2 and 3 indicate quite definitely 
certain facts, among which the following are of significance in this 
connection : ^ 

(1) The 0 culture of all three strains is capable of readily utilizing 
either free atmospheric or nitrate nitrogen. 
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Table 3. — Growth and nitrogen fixed by culture 0~2 on agar varying in nitrogen 
content, with incubation periods of 5 and 8 days 



Controls 



4,000 p, p. 

m. culture i 



Calculated ni- 
trate nitrogen 
added to media 
(p. p. m.) 

Nitrate 
nitrogen 
per 50 cc 
media as 

j 

Total ni- 
trogen 
per 50 cc 
media as 

Observed 
growth after— 

Total organic 
nitrogen per 50 
cc media after 
growth for— 

Nitrogen fixed per 50 cc of 
media 


deter- 

mined 

mined 

5 days 

8 days 

5 days 

8 days 

5 days 

P 

8 days 

P 

0 

Mg 

0 

Mg 

0.24 

21 

1 

Mg j 
0.28 

Mg 

0. 28 

Mg 

0.04 

0.2 

Mg 

0.04 

0.2 

.01 

21 , 4 ... 

1 .12 

.36 

21 

2 

.48 I 

.63 

.12 

.02 

.27 


I .37 

i .61 

2 1 

2 

.49 

1. 11 

“. 12 


.50 

.01 





Controls 

0 culture 3 

Calculated ni- 
trate nitrogen 
added to media 
(p. p. m.) 

Nitrate 
nitrogen j 
per 50 cc 
media as 
deter- 
mined 

Total ni- 
trogen 
per 50 cc 
media as 
deter- 
mined 

Observed 
growth after — 

Total organic 
nitrogen per 50 
cc media after 
growth for — 

Nitrogen fixed per 50 cc of 
media 


5 days 

8 days 

5 days 

8 days 

5 days 

P 

8 days 

P 

0 

Mg 

0 

Mg 

0.24 

4 

4 

Mg 

5. 54 

Mg 

5. 76 

Mg 

5.45 

0.01 

Mg 

5. 67 

0.01 

21^ 

.12 

.36 





.37 

.61 



















1 Previously grown at 4,000 p. p. m. of nitrate nitrogen. See text for meaning of P. 

2 See footnote 2, table 1. 

3 Previously grown on “nitrogen-free” agar. 


(2) In the presence of less nitrate nitrogen than the culture is cap- 
able of making use of, the quantity of atmospheric nitrogen fixed 
decreases as the quantity of nitrate nitrogen increases. A concentra- 
tion of 150 p. p. m. of nitrate nitrogen was inadequate to completely 
inhibit fixation in the few instances tested. 

(3) Fixation of nitrogen by the 4,000 p. p. m. cultures on nitrogen- 
free agar occurred in the case of 1-2 (three trials), did not take place 
in the case of 0-2 (one trial), and was significant in only one out of 
three trials in the case of 5b. 

(4) Fixation of nitrogen by the 4,000 p. p. m. cultures was stimu- 
lated in the case of all three strains by the addition of small quanti- 
ties of nitrate nitrogen. 

(5) Where fixation of atmospheric nitrogen was accomplished by a 
4,000 p, p. m. culture on nitrogen-free agar, the quantities fixed were 
nearly always very small as compared with the quantities fixed by the 
O culture under identical conditions. 

From these results it appears that the previous treatment of the 
4,000 p. p. m. cultures of the three strains studied quantitatively 
had effected a radical alteration in the ability of the organism to 
metabolize free atmospheric nitrogen. 

GROWTH AND NITROGEN FIXATION IN LIQUID MEDIA 

Since the presence in the agar medium of limited quantities of 
nitrate nitrogen, even as small as 2% p. p . m. , stimulated fixation of 
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nitrogen hj the 4,000 p. p. m. cultures, and the so-called nitrogen-free 
agar contained from 5 to 10 p. p. m. of combined nitrogen, it was 
thought that this nondializable nitrogen, present in the agar-agar, 
possibly might have acted as a stimulant to fixation in those instances 
in which fixation was noted on the nitrogen-free medium. It was, 
therefore, deemed advisable to undertake similar studies with a liquid 
medium in which the concentration of fixed nitrogen could be reduced 
much lower, i. e., 0.9 to 1.5 p. p. m. The same medium without the 
addition of the agar was employed. 

Growth oi Azotobader in a stationary liquid medium takes place 
very slowly unless the layer of the liquid is extremely thin. In order 
to make use of suAhcient media for quantitative purposes without 
employing relatively large cultural vessels it was necessary to resort 
to aeration of cultures as suggested by Hunter ^ for increasing the 
rate of growth. 

One hundred cubic centimeters of the medium were placed in 300- 
cc pyrex Erlenmeyer flasks, fitted with an aeration tube inserted in a 
cork stopper well wrapped with cotton, and the flask with its contents 
was sterilized. The aeration tube was prepared by sealing the end of 
a piece of ordinary glass tubing and perforating it laterally a number of 
times near the sealed end, to facilitate distribution of the air. 

Air under pressure was passed successively through similar aeration 
tubes inserted respectively in a bottle of weak sulphuric acid, a bottle 
of weak sodium hydroxide, a bottle of weak mercuric chloride, and two 
bottles of distilled water. The chief purpose in using the water was 
to saturate the air with moisture in order to reduce to a minimum the 
loss of the culture medium through evaporation. 

The flasks were inoculated in replications of two to five (usually five) 
with one drop of a suspension of the organisms prepared as previously 
described. The quantity of nitrogen contained in one drop of the 
inoculum was so small that it could be ignored, hence the aerated 
controls were not inoculated. 

It was found necessary to aerate rather vigorously, otherwise floc- 
culation of the suspended bacteria appeared to take place, resulting in 
almost complete cessation of growth after 24 to 48 hours. 

Two strains were studied sufficiently to give a general idea of the 
results that may be expected by such methods. The actual quanti- 
ties of nitrogen fixed by different strains, however, were found in 
preliminary tests to vary all the way from those here recorded to 
normal. This was as expected, since any such alteration in nitrogen- 
fixing ability as here indicated might be expected to vpy quantitatively 
both with the strain and with the period of preliminary culturing 
upon a high nitrate medium. 

From the data presented in tables 4 and 5 it is evident that the 0 
culture of both strains 5b and 0-2 were active in metabolizing free 
nitrogen when grown in a suitable liquid medium, the latter fixing 
somewhat larger quantities than the former. 

The 4,000 p. p. m. cultures were incapable of metabolizing more 
than traces of nitrogen during an incubation period of 4 to 5 days 
when grown in a nitrogen-free liquid medium— the largest quantity 
recorded for either culture being 0.12 mg as compared with from 2.91 

^ Hunter, 0. W. stimulating the growth of azotobacteb by aeration. Jour. Agr. Eesearch 
23; 665-677, illus. 1923. 
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to 7.05 mg for the 0 cultures under identical conditions. In only 
one instance in the 8 experiments of 4 to 5 days’ duration could the 
fixation be regarded as definitely significant, and in this case the 
actual quantity fixed was only 0.12 mg by the 4,000 p. p. m. culture 
of strain 5b. 


Ta.ble 4. — Growth and nitrogen fixation hy culture 5h in liquid media varying in 

nitrogen content 


Experiment No., incu- 
bation period and 
calculated nitrate 

nitrogen added to 
media (p. p. m.) 

Controls 

4,000 p. p. m. culture 1 

0 culture 2 

I 1 

; Nitrate 
nitro- 
gen per 
100 cc 
media 
as de- 
ter- 
mined 

Total 
nitro- 
gen per 
100 cc 
media 
as de- 
ter- 
mined 

Ob- 

served 

growth 

Total 
organic 
nitro- 
gen per 
100 cc 
media 
after 
growth 

Nitro- 
gen 
fixed 
per 100 
cc of 
media 

P 

Ob- 

served 

growth 

Total 
organic 
nitro- 
gen per 
100 cc 
media 
after 
growth 

Nitro- 
gen 
fixed 
per 100 
cc of 
media 

P 

Experiment 1; incuba- 











bation period 4 days: 

Mg 

Mg 


Mgl 

Mg 



Mg 

Mg 


0 - 

0 

0. 15 

30 

0.21 

0. 06 

0.3 

4 

4. 31 

4.16 

0. 01 

0 

0 

.15 

0 

.18 

.03 

.6 





5 

.49 

.64 

2 

.89 

.25 

.05 





10 - 

1.01 

1.16 

4 

2.03 

.87 

.01 





20 

2.17 

2. 32 

4 

3.50 

1.18 

.01 





Experiment 2; incuba- 











bation period 4 days: 











0-,__ 

0 

.15 

0 

.20 

.05 

. 1 

4 

3.06 

2. 91 

.01 

10 

1.11 

1.26 

3 

3. 03 

1.77 

.01 





15 

1.41 

1.56 

4 

3. 67 

2. 11 

.01 





20 

2. 03 

2. 18 

4 

3.70 

1.52 

.01 





25.---- 

I 2.57 

2. 72 

4 

4. 21 

1.49 

1 .01 





50 

6.13 

5.28 

4 

5.94 

.66 

! .01 





75 ■ - 

7.54 

7.69 

4 

7. 92 

.23 

.3 





100 

9.97 

10. 12 

4 

10.34 

.22 

i <4 





125 

12.77 

12. 92 

4 

12.77 

-. 15 






Experiment 3; incuba- 











tion period 4 days: 











0 - 

0 

.09 

0 

.13 

.04 

! .05 






.25 

.34 

2 

.52 

.18 

1 .01 







6 

.50 

.59 

3 

1.40 

.81 

.01 





yi-i 

.75 

.84 

3 

1.40 

.56 

.01 





10 

1. 00 

1.09 

3 

1. 40 

.31 

.02 





123 ,^ 

1. 25 

1.34 

3 

1.52 

.18 

.04 





15 

i 1.50 

1.59 

3 

1.83 

.24 

.03 





173-^- — - 

1 1. 75 

1.84 

3 

2. 10 

.26 

,01 





Experiment 4; incuba- 












tion period 6 days: 











0. 

0 

.09 

0 

.15 

.06 

.2 

4 

5. 38 

5.29 

.01 

2yi 

.25 

.34 

4 - 

1.86 

1.62 

.01 





5 

. 50 i 

.59 

4 

2.23 

1. 64 

.01 





73 .^ ' .. 

.75 

.84 

4 

2.63 

1.79 

.01 





10 . 

1.00 

1.09 

4 

2. 93 

1.84 

.01 





. 121 / 3 — 

1.25 

1.34 

4 

3. 07 

1.73 

.01 





15-.- 

1.50 

1.59 

4 

2.23 

.64 

.01 





Experiment 5; incuba- 











tion period 5 days: 











0 

0 

.09 

? 

.21 

.12 

.01 

4 

4. 85 

4. 76 

.01 

23^----- 

.25 

.34 

3 

1.28 

.94 

. 01 





5 

i .50 

.59 

4 

2.11 

1.52 

. 01 





73 ^ - 

1 .75 

.84 

4 

2. 40 

1.56 

.01 





lO------ 

1 1.00 

1.09 

4 

1.72 

.63 

.01 





123'L-.----. - 

1.25 

1.34 

4 

2. 10 

.66 

.01 





'15-..- 

1. 50 

1.59 

4 

2.29 

.45 

.01 





Experiment 6; incuba- 











tion period 8 days: 











" ,0— - — 

0 

.09 

1 

1.09 

1-00 

.01 

4 

5. 80 

5.71 

.01 

23 ^-— 

.25 

.34 

4 

3.20 

2.86 

.01 





5- — — - — 

.30 

.59 

4 

3. 00 

2. 41 

.01 





7|4- — -------- 

.75 

.84 

4 

4.06 

3.22 

.01 





. 10- 

1.00 

1.09 

4 

3.44 

2.35 

.01 





1232 ----— 

1. 26 

1.34 

4 

4. 27 

2.93 

.01 





. IS--.-------. 

1.50 

1.59 

4 

4. 67 

2. 83 

.01 

















^ Previously grown at 4,000 p, p. m. of nitrate nitrogen. See text for meaning of P. 

2 Previously grown on '‘nitrogen-free" agar. 3 soe footnote 2, table 1. 
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If the incubation period was lengthened to 8 days, culture 4,000 
p. p. m. 5b fixed definite quantities of nitrogen in a nitrogen-free 
liquid medium, though still much smaller than the 0 5b culture 
fixed in 4 days. Culture 4,000 p. p. m. 0-2 failed to fix significant 
quantities of nitrogen in a nitrogen-free medium even during an 
8-day incubation period. 

Table 5. — Growth and nitrogen fixation hy culture 0-2 in liquid media varying in 
nitrogen content^ with incubation periods of Jf. arid 8 days 


Experiment 
No. and cal- 
culated nitrate 
nitrogen added 
(p. p, m.) 

Controls 



4,000 p. p. m. culture i 



Nitrate 
nitrogen 
per 100 cc ; 
media as 
deter- 
mined 

Total ni- 
trogen per 
100 ee 
media as 
deter- 
mined 

Observed growth 
after-— 

Total organic 
nitrogen per 100 j 
ee of media after 
growth for— 

Nitrogen fixed per 100 ce of media 

4 or 5 
days 

8 days 

4 or 5 
days 

i 

8 days 

4 or 5 
days 

P 

8 day.s 

p 

Experiment 1: 

Mg 

Mg 



Mg 

Mg i 

Mg 


Mg 


0 

0 

0.09 1 

3 ? 

? 

0.12 

0.09 i 

0.03 

0.2 

0 


2M- 

.25 

.34 

1 

1 

.32 

.47 1 

-.02 


. 13 

0.02 

1 

.75 

.84 

2 

2 

1.01 

. 89 , 

.17 

.02 

.05 

.3 

Experiment 2: 











0-. ' 

0 

.09 

9 

? 

.12 

.10 ' 

.03 

.3 

.01 

.S 

2^ 1 

.25 i 

.34 

i 

1 i 

.33 

.25 1 

-.01 


-.09 


734 1 

.75 

.84 

2 

2 ' 

.94 

.87 ^ 

.10 

.05 

.03 

' .'2 

Experiment 3: , 











0 

0 

.09 

9 

? 

.09 

.09 1 

0 


0 


2^4 

.25 

.34 

? 

9 

.09 

.09 ^ 

25 


25 


7H ^ 

.75 

.84 

1 

i 

.09 

. 36 i 

-.75 


-.48 



Experiment 
No. and cal- 
culated nitrate 
nitrogen added 
(p. p. m.) 

Controls 

4,000 p. p. m. culture 2 

Nitrate 
nitrogen 
per 100 cc 
media as 
deter- 
mined 

Total ni- 
trogen per 
100 cc 
media as 
deter- 
mined 

Observed growth 
after— 

Total organic 
nitrogen per 100 
ccof media after 
growth for— 

Nitrogen fixed per 100 ce of media 

4 or 5 
days 

8 days 

4 or 5 
days 

8 days 

4 or 5 
days 

P 

8 days 

F 

Experiment 1: i 

0- ’ 

214 

Mg 

0 

.25 
■ .75 

. 00 
.25 
.75 

0 

.25 

.75 

Mg 

0. 09 
.34: 
.84 

.09 

.34 

.84 

.09 
. 34 
.84 

4 

4 

Mg 

7,14 

Mg 

7.26 

Mg 

7. 05 

Mg 

0. 01 

Mg 

7. 17 

Mg 

0.01 

714 









E.xperiment 2: 

0 - 

2 U 

4 

4 

6.45 

6.60 

6.36 

.01 

6. 51 

.01 

7U 









Experiment 3: 
0- 

4 

4 

5.73 

6,37 

5.64 

.01 

6. 28 

.01 

7U 



















1 Previously grown as 4,000 p. p. m. nitrate nitrogen. See text for meaning of F. 

2 Previously grown on “nitrogen-free” agar. 

3 See footnote 2, table 1. 


When the liquid medium contained fixed nitrogen in the form of 
potassium nitrate, the 4,000 p. p. m. cultures of both 5b and Oy2 
grew readily and transformed the nitrate nitrogen into organic 
nitrogen. The quantity of free nitrogen inetabolized ^by the 0 5b 
culture was small compared with the quantity of combined nitrogen 
metabolized by the 4,000 p. p. m. 5b culture. 

\,84861-— 38— -s'''.'',' 
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The presence of very small (2% p. p. m.) quantities of nitrate nitro- 
gen in the medium not only made it possible for the 4,000 p. p. in. 
culture of strain 5b to grow but also enabled it to readily metabolize 
free atmospheric nitrogen. Increasing the quantity of combined 
nitrogen, within a limited range, i. e., up to 5 to 20 p. p. m., increased 
the ability of this culture to utilize atmospheric nitrogen in every 
experiment. Further increases, however, resulted in decreased fixa- 
tion until fixation reached zero, when^ an adequate quantity was 
present to supply the needs of the organisms. 

In no instance, even when incubation was extended to 8 days, 
was the 4,000 p. p. m. culture of strain 0~2 observed to fix significant 
quantities of nitrogen when grown in a liquid nitrogen-free medium. 
Even when smaU quantities of nitrate nitrogen were added to the 
medium, fixation was so small and irregular as to suggest that some 
other factor might have been responsible for the apparent significant 
increases in nitrogen here recorded. 

The almost complete absence of nitrogen fixation in the 4,000 
p. p. m. 0-2 cultures raised the question of the possibility of the 
Azotohacter having been supplanted by a contaminant so similar 
morphologically and culturally as to have escaped notice. However, 
reisolations from liquid cultures upon agar, even though initial 
growth was very slow, followed by numerous transfers, gradually 
brought the culture back to where definite fixation of nitrogen could 
be demonstrated, proving conclusively that the culture was a modified 
strain of Azotohacter. 

DISCUSSION AND SUMMARY 

It is evident from the data presented that prolonged growth of 
Azotohacter in the presence of relatively high concentrations of potas- 
sium nitrate resulted in such an alteration in the physiological make- 
up of certain strains of the organism as to render them incapable of 
growing normally in the absence of combined nitrogen. Such a con- 
dition was reflected (1) in very limited or no visible growth, (2) inabil- 
ity to metabolize atmospheric nitrogen, or (3) a combination of both 
conditions. It is believed that the effect of the potassium nitrate 
was due to the nitrogen since potassium ions supplied in other salts 
did not have a similar effect. The discussion is restricted for the 
most part to nitrate nitrogen because the experiments were largety 
concerned with tliis form. Limited experimentation with other nitro- 
genous compounds indicated that they would give similar results pro- 
vided the nitrogen was available to Azotohacter. 

All strains that did not grow on the nitrogen-free medium grew 
when small quantities of potassium nitrate were added to the medium. 
In the case of certain strains such growth, following previous growth 
at high concentrations of nitrate nitrogen, was proportional to the 
added nitrogen, and quantitative data proved the absence of nitrogen 
fixation. In the case of other strains the presence of very small 
quantities of nitrate nitrogen suflficed to initiate growth and subse- 
quent growth was more or less independent of the quantity of nitrogen 
initially present. Quantitative data proved in such instances that 
atmospheric nitrogen was readily utilized. In the former case the 
organisms apparently lost, at least temporarily, their ability^ to fix 
free nitrogen, whereas in the latter case this ability was conditioned 
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upon growth and was readily regained when faTorable growth condi- 
tions were reestablished. In other words, very limited quantities of 
combined nitrogen served to restore some, but not all, strains to 
normal within a very short time. 

Just what alteration occurred in the physiological make-up of those 
strains that underwent the suggested change is not known. The 
available evidence indicates temporary or more or less permanent loss 
of the ability to metabolize ^ atmospheric nitrogen. As a possible 
explanation of the change it might be assumed that when grown under 
conditions where nitrogen fixation is completely suppressed for an 
adequate length of time, the organisms cease to elaborate the nitro- 
gen-fixing enzyme system. If the further assumption is made that 
combined nitrogen is essential for the elaboration of the enzymes 
necessary in nitrogen fixation it can be easily understood why the 
presence of limited quantities^ of nitrate nitrogen restored the free- 
nitrogen metabolizing ability in those strains regaining normalcy in 
its presence. It is also not inconceivable that even the ability to 
elaborate the enzyme system was lost by those strains that failed to 
return to normal in the presence of low concentrations of nitrate 
nitrogen. 




THE REACTIONS OF WIREWORMS TO ARSENICALS^ 

By Ghakles E. Woodwobth 2 

Associate entomologist, Division of Truck Crop and Garden Insect Investigations, 
Bureau of Entomology and Plant Quarantine, United States Department of 
Agriculture 

INTRODUCTION 

It has been noted 4, 7) that arsenicals in bran or whole-wheat 
baits render these baits relatively unattractive to wireworms. It has 
also been noted that the mortality of wireworms captured by this 
method is very little more than when unpoisoned baits are used. 
Since arsenic is generally very toxic to insects, these observations 
have aroused considerable speculation. The present investigation 
was designed to explain the failure of baits poisoned with arsenic to 
attract and kill wireworms, and to obtain a better understanding of 
the mode of entry of arsenic into the body of the larva. The Pacific 
coast wireworm {Limonius canus Lee.) wsis selected for this study, as 
it is one of the four most important species, from an economic stand- 
point, in the irrigated lands of the Pacific Northwest. The other 
three species, L, calif ornicus (Mann.), L. subauratus Lee., and L. 
infuscatus Mots,, belonging as they do to the same genus, differ only 
slightly in morphology and physiology from the species selected; so 
the results are for the most part applicable to all four species. 

EXPERIMENTAL PROCEDURE 
TESTS WITH CORNSTARCH PELLETS CONTAINING ARSENICALS 

In order to study the effects of arsenic upon wireworms, larvae 
were confined in glass cages with cornstarch pellets containing an 
arsenical. The pellets were made of 4 parts of cornstarch and 1 part 
of the arsenical, moistened with sufficient distilled water to prevent 
crumbling. Cornstarch was used because it is an attractive food for 
this species and does not get hard after it is wet, as does wheat starch. 
The arsenicals used were acid lead arsenate, paris green, mercurous 
arsenite, acid sodium arsenate, and sodium arsenite. Uiipoisoned 
cornstarch pellets were used as checks. Cornstarch made alkaline^ to 
pH 10 with sodium hydroxide was also used as a check to determine 
whether the alkalinity of sodium arsenate and sodium arsenite had 
any effect on their repellency. The other arsenicals added to the 
cornstarch were either acid or neutral. Fast green to a concentration 
of about 0.01 percent was sometimes added to the mixtures, as this 
material could be seen through the body wall and was found to be 
nontoxic. The mixtures were cast in ffe-inch holes in a piece of sheet 
iron three thirty-seconds of an inch thick. The pellets were 
pushed out with a sawed-off nail and allowed to dry in air. For these 
studies 256 larvae were used, including the checks, and were kept 

1 Received for publication Feb. 7 , 1938; issued August 1938. 

2 The author is indebted to M. C. Lane, in charge of wireworm investigations in the Pacific Northwest, 
WallaWalla,Wash,underwhosedireetiontheworkwasconducted. 

3 Italic numbers in parentheses refer to Literature Cited, p. 237. 
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individually in the cages with the pellets. All the dead wireworms 
and an adequate sample of the live ones from each group were tested 
for arsenic. ' 

TESTS WITH CORNSTARCH PELLETS CONTAINING NONARSENICALS 

Several nonarsenicals, both liquids and solids, were also incorporated 
in cornstarch pellets and placed in glass cages with the wireworms to 
determine whether the materials were ingested, and, if so, in what 
form. Finely ground graphite or lampblack, both inert substances, 
was mixed in the ratio of 1 part to 10 parts of cornstarch. The 
former was of a particle size that was easily recognizable under the 
microscope, and^ the latter colored the gastric content when taken in 
sufficient quantity. Iodine at a concentration of 0.1 percent and 
neutral red and Sudan III at a concentration of 0.05 percent were also 
used. Iodine stains starch a deep blue black and gives the grains 
their characteristic markings. Neutral red is a non toxic dye. Sudan 
III is a fat-specific dye which gives a pink color to fats. Any of these 
stains should therefore be easily recognizable in the gastric content. 
Examination for these materials was made under a binocular micro- 
scope during the dissection of the wireworms and under the compound 
microscope in the study of the digestive- tract content. Starch was 
searched for by the familiar iodine test {2^ p. 93) and reducing sugar 
by the Benedict test (2, p. 744)- A total of 91 wireworms was used 
in these tests. 

The cages that were used for the tests consisted of two microscope 
slides held apart by channeled metal supports and filled with a pad of 
moist cellucotton.^ A cornstarch pellet was placed in one corner of 
each cage. The humidity of the atmosphere in the cages was main- 
tained at about 100 percent by moistening the cellucotton pad and 
keeping the cages in a desiccator jar containing a little distilled water. 
The temperature was kept constant at 68° F. The period of confine- 
ment varied, but was usually more than 96 hours and occasionally as 
long as 1 month. 

TESTS FOR ARSENIC 

Tests for arsenic were made in a modified Gutzeit apparatus 
(/, p. 371), in which the reaction chamber was a 12- by 35-mm shell 
vial and the rest of the apparatus was reduced proportionately. The 
scrubber was a piece of 12-mm glass tubing 5 cm long and narrowed 
to 6 mm at the lower end, filled with loosely packed absorbent cotton 
that had been soaked in saturated lead acetate and squeezed free of 
excess liquid. The test papers were cut 2 by 100 mm, soaked in 4- 
percent alcoholic mercuric bromide solution for 30 minutes, and dried 
in air for about 20 minutes immediately before being used. The pre- 
pared paper strip was held in an 8-cm length of 4-mm glass tubing. 
All connections were made with the lower half of No. 00 rubber stop- 
pers. The sensitivity was found to be about 1 microgram of arsenic. 
Blanks and checks of either 0.05 or 0.10 cc of 0.001 N sodium arsenite 
were run with each test. The checks were compared with a set of 
standards before the results were recorded. 

Because of the proteinaceous and fatty nature of the insect material, 
an alkaline digestion was used rather than the acid one usually recom- 
mended. The procedure was as follows: The dissected material and 
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five drops of 15~percent sodium hydroxide were placed in the shelhvial 
reaction chambers and held in a water bath for 30 minutes at a tem- 
perature just below the boiling point. Five drops of concentrated hy- 
drochloric acid were then added. The mixture was allowed to stand 
10 minutes at room temperature. Two drops each of 15-percent potas- 
sium iodide and 40-percent stannous chloride solution made up with 
concentrated hydrochloric acid were then added. The concoction was 
allowed to stand for another 10 minutes, after which about 0.33 g of 
zinc was added and the rest of the apparatus, which had been as- 
sembled, was immediately put in place. Precautions were taken to 
use arsenic-free reagents throughout the experiment. 

TESTS WITH ARSENICAL SOLUTIONS 

Experiments were also conducted in which the wireworms were 
submerged in solutions of sodium arsenite and acid lead arsenate and in 
distilled water. The concentrations of sodium arsenite that were 
used were 0.25, 0.5, 1,^ and 2 percent. For lead arsenate a saturated 
solution was used, which was found to contain about 0.75 microgram 
of arsenic per cubic centimeter. These solutions were put in 12- by 
60-mm shell vials, 2.5 cc per vial. One wireworm was submerged in 
each vial, and groups of 10 were kept for different periods of time at a 
temperature of 68^ F. They were then tested for gain in weight and 
survival or dissected and tested for arsenic. The lead arsenate was 
used only in preliminary survival tests. 

In the experiment to determine the gain in weight during sub- 
mergence 350 wireworms were used. These were divided into 7 groups 
of 10 each for each of the 4 concentrations of sodium arsenite and 
for the distilled water. All larvae were weighed before submergence, 
and those of group 1 at the end of 3, 6, 12, 24, 48, 96, and 192 hours. 
The other six groups were weighed only once or twice after submer- 
gence, to offset the effects of repeated handling. The twm groups 
that were weighed twice were weighed at 6 and 192 hours and at 12 
and 384 hours. All the wireworms in the last six groups w^ere set 
aside after their final weighing to be tested for survival. 

In the dissection tests wireworms were submerged in a 2-percent 
sodium arsenite solution for various periods of time. They were then 
washed, the blood taken, and dissected. The various tissues were 
tested for arsenic. The blood was obtained by piercing the integu- 
ment, usually in the pleura of the pro thorax, and then pressing the 
abdomen slightly until the blood came through the hole and stood out 
as a drop. The blood was readily removed by use of a capillary tube 
and transferred to the Gutzeit apparatus for testing. The question 
arose as to whether the blood might not get its arsenic from the integu- 
ment. To answer this question a drop of distilled water was used to 
wash the larva just before the blood was taken, and this water was 
tested for arsenic. In all, 135 tests were made, though not ail tissues 
were tested each time. Frequently just the blood and the digestive 
tracts were tested, and all the earlier tests were made without testing 
the wash water. Each test was made with only one wireworm. 

RESULTS 

TESTS WITH CORNSTARCH PELLETS CONTAINING ARSENICALS 

The results of the tests with cornstarch pellets containing arsenic 
are shown in table 1. At first it appeared that it would be very easy 
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to obtain the median lethal dose, as the wireworms usually burrowed 
into the poisoned pellets and apparently fed. They quickly riddled 
the cellucotton pads with their burrowing and at times molted in the 
cages. In all but the sodium arsenite and sodium arsenate groups a 
large proportion of the pellets were riddled. The repellency was 
about 10 percent for the unpoisoned pellets, 24 percent for the lead 
arsenate groups, 31 percent for the mercurous arsenite groups, 37 
percent for the paris green groups, 75 percent for the sodium arsenite 
groups, and 82 percent for the sodium arsenate groups. The alkalinity 
of the sodium salts of arsenic was not the cause of their high repellency, 
since the larvae that were placed with sodium hydroxide (pH 10) ex- 
hibited only a 30-percent repellency. 

In all cases where fast green was used, the dye spread by capillary 
action from the pellet into the cellucotton, in which the wireworms 
moved. Tests for arsenic on portions of some of the pads from the 
sodium arsenite cages showed that the arsenical also had spread into 
the pads. In one case it had reached a concentration of 0.05 mg per 
square centimeter of pad at the far end of the cage. 

In the sodium arsenate and sodium arsenite groups the attack was 
very slight; only 2 of the 19 wireworms that attacked the pellets were 
dead, and these contained arsenic in the digestive tract but not in the 
blood. In all but one case where arsenic was found in the blood the 
quantity was large. It was also found in these wireworms in readily 
measurable quantities in the muscle and fat, but was entirely lacking 
in the digestive tract. In the one case where arsenic was found in the 
blood of a living wireworm the quantity was minimal and barely 
recognizable. Similar sublethal quantities were found in the digestive 
tract of four live individuals. 


Table 1. — Results obtained in tests on wireworms confined with arsenical 'pellets 


Material added to cornstareli 


Lead arsenate. 

Lead arsenate and fast green 

Paris green 

Paris green and fast green 

Mercurous arsenite 

Mercurous arsenite and fast green 

Sodium arsenate 

Sodium arsenate and fast green... 

Sodium arsenite- 

Sodium arsenite and fast green... 
Checks: 

Cornstarch alone............. 

Past green........ 

Sodium hydroxide 10) . . . 


Wireworms used 

Pellets attacked 

Wireworms showing fast 
green in digestive tract 

Live wireworms not tested 
for arsenic i 

Wireworms tested 

No arsenic 
found 

Arsenic found 

In digestive 
tract 

In blood 

-Alive 

Dead 

Alive 

Dead 

Alive 

Dead 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No.. 

No. 

29 

20 


17 

9 

1 

0 

1 

1 

0 

20 

17 

6 

10 

10 

0 

0 

0 

■ 0 

0 

25 

15 


13 

12 

0 

0 

0 

0 

0 

18 

12 

1 

8 

9 

1 

0 

0 

G 

0 

8 

6 


2 

5 

0 

1 

0 

0 

0 

8 

5 

1 

4 

3 

0 

1 

0 

0 

0 

26 

4 


10 

7 

0 

0 

1 

0 

7 

19 

4 

1 

9 

8 

0 

1 

0 

0 

1 

25 

6 


7 

13 

0 

0 

1 

0 

4 

19 

5 

1 

9 

4 

0 

1 

0 

0 

5 

26 

23 


13 

10 

2 

0 

0 

0 

0 

25 

22 

12 

16 

9 

1 

0 

0 

0 

0 

10 

7 


9 

0 

1 

0 

0 

0 

0 

256 

146 

22 

126 

99 

6 

4 

3 

' ,,1" 

17 


1 All dead wireworms were tested for arsenic. 
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TESTS WITH CORNSTARCH PELLETS CONTAINING NONARSENICALS 

The results of the tests with nonarsenical pellets are shown in table 
2. Of the 25 wirewwms that received cornstarch alone, the 9 that 
are recorded as giving negative results either failed to feed or gave 
negative tests for starch when the content of the midintestine was 
studied. The iodine test did not reveal starch in the digestive tract 
even though the pellets showed clearly that a portion of the starch 
had been removed. The sugar test failed to demonstrate the pres- 
ence of sugar in the digestive-tract content,^ though this might be ac- 
counted for by the small quantity of material available for the tests. 
The 16 doubtful cases were those individuals that were used as checks 
in other experiments and were not tested specifically for starch. 

Of the 25 wireworms that were given access to the cornstarch and 
fast green, the 9 reported as doubtful were those that were not dis- 
sected and in which fast green was not visible through the integument, 
though the pellets had been attacked- Fast green is a hydrogen-ion 
indicator, the range being comparable with that of methyl red. ^ There 
was no indication of an alkaline reaction in any part of the digestive 
tract. The doubtful cases with lampblack, neutral red, and Sudan 
III w^ere those in which the color in the digestive tract was not suffi- 
ciently intense. Sudan III colored the fat bodies of all wireworms 
confined with this material, but was not definitely recognizable in the 
digestive tract in any case. The two doubtful cases with iodine 
were those in which a brown coloration was noted in the tract but it 
was not definitely caused by the iodine. This material appears to be 
repellent to wireworms. 


Table 2.- — Results of tests on wireworms confined with nonarsenical ‘pellets 


1 

Material added to cornstarch 

Wire- 

worms 

used 

Pellets 

attacked 

Bead 

wire- 

worms 

Wireworms in which material 
was recognizable in digestive 
tract 

Positive 

Doubtful 

Negative 


Number 

Number 

Number 

Number 

Number 

Number 

None..! - - — 

25 

23 

2 

0 

16 

9 

Fast green 

25 

22 

1 

12 

9 

■ 4 

Graphite — 

10 

6 

0 

0 

0 

10 

Lampblack--,.-' 

12 

9 

1 

5 

3 

4 

Iodine. - 

8 

4 

1 

0 

2 

6 

Neutral red 

7 

4 

0 

2 

1 

4 

Sudan III— 

4- 

4 

0 

9 

2 

. 2 


TESTS WITH ARSENICAL SOLUTIONS 

It was noted in the experiments with the pellets that arsenic en- 
tered the blood but not the digestive tracts of wireworms that were 
on saturated cellucotton pads in which arsenic was found to be present. 
In preliminary trials submerged wireworms gained weight very rap- 
idly, some larvae more than doubling their weight in 2 weeks. Table 
3 gives the results of some experiments designed to determine the rate 
of increase in weight of larvae after various periods of submergence in 
sodium arsenite solution. The wireworms soon became bloated and 
turgid, and after 4 days certain individuals were hard to handle be- 
cause of the danger of causing a rupture. As they were weighed in 
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groups of 10, a single ruptured individual would cause a considerable 
drop in the average weight. Dissection of some of the bloated wire- 
worms showed that the digestive tract was slightly swollen, but not in 
proportion to the rest of the body. Mortality studies showed that 
the rate of killing was proportional to the time of exposure and the 
concentration of sodium arsenite. Saturated solutions of lead arse- 
nate did not kill 100 percent of the wireworms even after submergence 
for a week. The mortality of the larvae in this material was com- 
parable with that in distilled water for the same period. 


Table 3. — Rate of increase in weight of wireworms submerged in sodium arsenite 

solutions 


Concen- 

tration 

of 

sodium 

arsenite 

Average 
original 
weight of 
wireworms 

Average gain in weight of wireworms after submergence for— 

3 hours 

6 hours 

12 hours 

24 hours 

48 hours 

96 hours 

192 hours 

384 hours 

Percent 

Milligrams 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

1 0.00 

24.2 

14.1 

23.3 

38.8 

58.3 

75.1 

76.9 

77.7 

2 67.4 

.25 

24.1 

15.7 

24.0 

36.0 

62.6 

71.2 

74.9 

2 72.6 

2 84.7 

.50 

24.3 

11.6 

22.5 

40.5 

65.6 

71.8 

84.2 

85.2 

2 72. 0 

1.00 

24.3 

10.8 

20.0 

36.3 

46.5 

69.2 

78.8 

82.8 

88.4 

2.00 

24.1 

9.1 

14.0 

28.0 

45.0 

65.8 

2 62. 1 

2 80.1 

2 63.8 


^ Distilled water. 

2 1 or more individuals ruptured. 


Table 4. — Quantity of arsenic found in parts of wireworm,s that had been submerged 
in ^-percent sodium arsenite solution 


Part tested 

Arsenic found i after submergence for— 

3 hours 

18 hours 

24 hours 

48 hours 

96 hours 

144 hours 

192 hours 

Wash water 

None _ 


Trace 

Trace----- 

None 

( 2 )..-.— 

Trace. 

Much.3 

Do. 

Trace, 

None. 

Do. 

Do. 

Much. 

Little. 

Blood 

Little 

Mneh 

Much- 

Much 

Much 3 

do 

Much 3 

Little-- — 

Fat 

Trace 

Little.- - 

Little 

Little 

None. . - 

Digestive tract 

do 

Non A 

NrniA 

Trace- 

Trace _ 

Nerve 

do..... 

do 

.do 

Trace 

None. 

None 

Heart-. 

None 

do 

Trace 

None. . . 

do ' 

Notia 

Trace 

None 

Little 

do 

—do 

Little-- — 

Tracheae 

Muscle 

.....do...-. 
Trace 

do— - 

Trace 

Little. - -- 

Little 

Integument i 

--.-do. 

(2)_.. 

do 

do 

do 

do 






1 ^‘Trace indicates 2 micrograms or less; “little,” more than 2 micrograms and less than 10 micrograms; 
“much,” 10 or more micrograms. 

2 Not tested. 

3 More than could be recorded on test paper. 

Since the increase in weight of the submerged wireworms indicated 
that liquids do permeate the body wall, the next problem was to find 
out whether the arsenical salts are carried through with the liquids. 
Tests for arsenic in various parts of individual wireworms that had 
been submerged are reported in table 4. In this table it is shown that 
the quantity of arsenic in the blood increases with the increase in total 
weight as recorded in table 3. The wash water, on the other hand, 
does not show any such consistent increase. When the larvae were 
taken out of the solution, rinsed, and placed on a moist blotter, there 
was an increase in the quantity of arsenic that could be washed off the 
integument as time elapsed, some tests showing as much as 5 micro- 
grams. The quantity of arsenic in the fat bodies varied in general 
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with the quantity of fat and with the length of exposure* The diges- 
tive tract, the nerve cord, and the heart showed practically no arsenic, 
but in the case of the last two this may have been due in part to their 
small size. The tracheae were consistently free of arsenic. Both the 
muscles and the integument showed relatively large quantities of 
arsenic. The muscles usually contained more arsenic than the 
integument. 

DISCUSSION 

Contrary to expectation, in the tests with pellets containing arsenic 
those wireworms that apparently fed did not die. It was noted that 
certain of the poisoned pellets were markedly repellent to the wire- 
worms. This repellency v^as found to be more or less in proportion 
to the solubility of the arsenical present. Nevertheless, the majority 
of the wireworms that were killed were in the cages with the highly 
repellent and highly soluble sodium arsenate or sodium arsenite. It 
was further found that the majority of those that were killed had not 
attacked the poisoned pellets, and that arsenic was not present in their 
digestive tracts. In only three cases, or about 1 .5 percent of the tests, 
was arsenic found in the alimentary canal in quantities sufficient to 
kill. In four other cases the poison was found there, but not in fatal 
quantities, and the wireworms were still active and appeared normal 
until they were killed for examination. 

Wireworms were repeatedly noted burrowing into arsenically poisoned 
pellets, with no apparent ill effects. This led to the question as to 
whether solids are ever eaten by wireworms. Langenbuch (3) decided 
that it was necessary for foods to be in solution before they would be 
ingested. Repeated observations at this laboratory showed that soil 
particles were never recognizable in the gastric content, which fact 
seems to support that view. Lampblack, however, was found in the 
digestive tracts of several wireworms that had burrowed into pellets 
containing that material. This showed that solids may be ingested 
if the particle is small enough. Fine graphite, on the other hand, has 
a particle size a little larger than that of lampblack, and it was rejected 
in every case where it was tried. 

The Pacific coast wireworm possesses a mechanical means of 
preventing undesirable substances from entering the digestive tract. 
In the anterior part of the buccal cavity there are two sclerotic plates 
which fit tightly together when relaxed, closing off the digestive tube 
completely. These plates can be separated only by contractions of 
large muscles which are attached to them and which are controlled by 
the central nervous system. In addition, there are more than a 
thousand bristlelike hairs in the preoral cavity, distributed over the 
anterior edge of the ventral closing plate, on the hypopharynx, and on 
the mandibles, maxillae, and labial palpi, which act as a filtering 
device to keep large particles from reaching the digestive tube. This 
apparatus is pfobably sufficient to prevent even undesirable soluble 
materials &om entering the digestive tract. ^ The fact that dyes and 
other nonpoisonous materials were taken in indicates that the larvae 
have sensdiia and can discriminate against the arsenicals. It is 
concluded, therefore, that the reason arsenically poisoned baits do 
not kill wireworms is that arsenicals are repellent to them and the 
larvae do not ingest the poison even when they do come to the baits. 

Cornstarch, which has a larger particle size than graphite, was 
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never recognized in the gastric content. Corn, as well as wheat is 
considered a desirable food for wireworms, frequently being used in 
rearing experiments. In such experiments the wirewornis are com- 
monly found cleaning the starch completely from the seed coat, leav- 
ing no pile of rejected refuse. It appears, then, that either very fine 
grinding or predigestion must take place. The failure of the iodine 
test to show its characteristic blue color when applied to the gastric 
content indicates that predigestion must take place and that the starch 
is reduced at least to achroodextrin before it reaches the stomach. 
Iodine-stained starch was burrowed into, but the gastric content 
failed to show either the starch granules or the typical starch-iodine 
color, which also indicated that predigestion had taken place if the 
starch was eaten. The tests for reducing sugar were inconclusive. 
The failure to obtain a positive test did not necessarily mean that 
digestion beyond achroodextrin had not taken place. The quantity 
of material for each test was so small that the reduced copper could 
easily have been overlooked. 

Fast green was frequently found in the bodies of wireworms that 
had access to pellets containing the dye. At times it was found in 
the wireworms even though the pellets had not been attacked. The 
capillary action of the fast green through the cellucotton pads gave 
the suggestion that soluble arsenicals might also move through the 
pads. Tests showed this to be true, and thus it was seen that sodium 
arsenite and sodium arsenate were brought in contact with the body 
of the wireworm even though the pellets were not attacked. 

By far the greatest number of wireworms that died in the cages 
with the poisoned pellets did not have so much as a trace of arsenic 
in their digestive tracts. Most of them did, however, have large 
quantities of arsenic in the blood. The arsenic must therefore have 
entered the body by some means other than by way of the mouth. 
This finding is contrary to that of Subklew (5), who states that salts 
must enter the body through the digestive tract. 

When the wireworms were submerged in arsenical solutions, they 
took on weight rather rapidly. In the first 6 hours this increase was 
between 20 and 24 percent, except in the hypertonic 2-percent solu- 
tion. Tests for arsenic showed that the quantity of arsenic in the 
blood increased according to the time of submergence. The arsenic 
in the digestive tract did not increase noticeably, and the concentra- 
tion of arsenic in the haemocele was constantly and increasingly 
greater than in the gastric content, showing conclusively that the 
arsenic did not enter by either the mouth or the anus. ' " 

These facts leave only two possible ways in which the arsenic may 
enter the body, through the tracheae or through the integument. The 
former is eliminated in the finding of a complete lack of arsenic in the 
tracheae, and by the observation that these organs were jfilled with 
air in all cases where dissections were made. These tubes filled with 
liquid only after they had been cut and the gases allowed to escape. 
The integument, then, is the only tissue through which the arsenic 
could have passed. This is contrary to the generally accepted idea, 
recently reiterated by Wigglesworth (10, p, I), that the integument 
is impermeable. Mellanby (0), too, in his study on site of loss of 
water from insects, concludes that all the integument is watertight. 
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Siibklew (9) admitted that water might pass through the integument 
but denied that salts could pass tlirough that tissue. The present 
study shows definitely that at least the sodium salts of arsenic, when 
in solution, can and do pass through the integument of the wire- 
worm. The finding of arsenic in the body wall supports this conclu- 
sion, as does the recent work of OTiane and Glover (8) and Lepesme 

SUMMARY 

This paper reports a series of experiments designed to explain the 
failure of baits poisoned with arsenicals to attract and kill wire- 
worms. Experiments are also presented that show how and where 
soluble arsenical salts in solution may enter the body of the wireworm. 

In the early experiments the wireworms were confined in metal and 
glass cages, on moist cellucotton pads with cornstarch pellets. These 
pellets were made by mixing various arsenicals or nontoxic materials 
with cornstarch, either with or without the addition of dyes, and 
casting the moistened mass. The test for arsenic was by the Gutzeit 
method, but in a modified apparatus reduced to the size that samples 
of one drop or less could be tested, and an alkaline digestion was used. 

Arsenicals were found to be repellent to wireworms more or less in 
proportion to their solubility. The majority of wireworms that were 
killed in these experiments were confined with the more repellent 
materials. Furthermore, most of the wireworms that died had no 
arsenic in the digestive tract, but had large quantities in the blood. 
Very firm, solid substances were demonstrated as being ingested, and 
certain soluble ones were taken in. Arsenicals were rejected, even 
though the pellets containing them were burrowed into. The sensory 
control of the closing mechanism in the buccal cavity may account for 
the rejection of the arsenic. 

In the latter part of the study the wireworms were submerged in 
arsenical solutions and the various tissues tested for the presence of 
arsenic. Water containing sodium arsenite entered the bodies of the 
wireworms, carrying the arsenic with it. It did not enter by way of 
the mouth, anus, or tracheae, but through the integument, which was 
found to be pervious both to water and to the sodium salts of arsenic. 
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INTRODUCTION 

Studies of forest-fire behavior have as their broad objective the 
determination of the natural laws governing primary ignition and 
subsequent rate of spread of fires in forests and in related types_ of 
inflammable vegetation. The purpose of such studies is to provide 
an improved foundation for fire control, a major activity in American 
forestry. Scientific evaluation of the factors affecting fire behavior 
cannot replace experience gained in fire-control operations. Such 
research can, however, supplement experience by providing informa- 
tion not obtainable on the fire line and, by explaining observed fire 
phenomena, make them more understandable and predictable. Fire- 
behavior studies are needed to give information essential to The 
extension of methods of forecasting fire danger, to permit determina- 
tion of size-of-crew and speed-of-attack requirements, and, finally, to 
promote development of fire-suppression tactics and strategy. 

Gisborne (S),^ Stickel ( 9 ), Nichols,^ and others have studied^ forest- 
fire ignition hazard through the determination of variations in fuel- 
moisture content under varying weather -conditions, relating these 
moisture variations to ignitibility through tests with various fire- 
brands. Through the work of these investigators we know that with 
ordinary firebrands — as matches, smoking materials, and small 
campfires— ignition occurs only when the forest fuels contain moisture 
amounting to less than 30 percent of the dry weight of the fuel. These 
studies have also resulted in an understanding of the influence_ of 
meteorological factors on moistui’e variations in the fuel, permitting 
estimation of moisture from a knowledge of weather factors. 

Show ( 6 ) first studied rate of spread in 1916 and 1917, using small 
test fires. As a result of observations made on 33 fires during this 
period, he concluded that fires burning under conditions favorable to 
rapid spread tend to burn with acceleration, while slower-burning 
fires tend to burn at a steady rate. His observations also led Hm to 
conclude that the effect of wind could be expressed as a function of 
the square of the wind velocity. Through theoretical analyses of 
the factors influencing combustion in the open, Hawley ( 4 ) and 
Gray “ have contributed in a major way to the adyancement of fire- 
behavior knowledge. Show and Kotqk, in analyzing the California 
fii'e records, have broadly defined the influence of cover type ( 8 ) and 
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weather factors (7) on rate of spread. These studies have resulted in 
determination of the speed of attack required for effective suppression 
under hazardous conditions. 

The present study may be considered a continuation of the work 
begun by Show in 1916. The primary purpose of both studies was 
the exploration and definition of the relationships between fuel, fuel 
moisture, weather factors, and rate of spread. Pure stands of pon- 
derosa pine (Pinus ponderosa Dough) were chosen for these experi- 
ments because it was the simplest fuel type available and because it 
is an extensive and commercially important timber type. By initiat- 
ing studies in a simple type, it was considered probable that relation- 
ships would be developed of value to the extension of rate-of-speed 
information to other more complex types. 

DETAILS OF STUDY 

SELECTION OF VARIABLES 

Studies of fire behavior are made complex (1) by the number of 
factors involved and (2) by the variation found in these factors from 
place to place and from time to time within the forest. Wind normally 
fluctuates widely both in intensity and direction, and this character- 
istic is intensified in the forest by the resistance offered by the foliage 
and tree trunks. Fuels in themselves vary widely from place to 
place within the stand, and the moisture content of fuels is constantly 
changing with changes in weather conditions. 

Six primary factors are recognized in rate-of-spread studies, viz: 
(1) Fuel size and arrangement; (2) moisture content of the fuel; 
(3) air supply (wind movement); (4) slope of the ground; (5) the 
tendency of fires to burn at an increasing rate, or the effect of time; 
and (6) size of the fire. The first five factors listed are independent 
variables while the sixth is the variable under study, or the dependent 
variable. Although other important variables may be defined by 
further research as affecting fire spread, the problem may at this 
stage be considered essentially one of relating rate of increase in fire 
size to concurrent variations in the five other variables listed. 

Present knowledge of the factors influencing combustion in the open 
contains no information on methods of measuring one factor, varia- 
tion in the physical characteristics of forest fuels. Hawley (4) has 
suggested the use of the surface-volume ratio as an approach, but the 
specific technique of measuring this, or any other fuel factor which 
might be used to explain rate-of-spread fluctuations, remains to be 
developed. This lack of a well-de&ied theory and technique for the 
measurement of the fuel variable made it necessary in the present 
study to eliminate this factor so far as possible. This was the primary 
reason for the selection of the ponderosa pine type, which contains 
the most uniform fuel conditions to be found in California. Under 
some situations in this type, usually in dense even-aged stands, the 
fuels present consist almost entirely of a layer of pine needles from 
1 to 4 inches in thickness. 

SELECTION OF SITES 

Characteristic virgin stands of ponderosa pine W’^ere not suitable as 
sites for this study. They consist of groups of mature and over- 
mature trees interspersed with more open areas occupied with brush, 
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or reproduction of various ages. Litter accumulates to depths of 
4 to 5 inches within the dense groups, while a few feet away, in an 
opening between groups, the ground may be bare. Such fuel condi- 
tions were too uneven to meet the study specifications. 

Only two kinds of stand within the type were found with siiflicientiy 
uniform surface fuel. Optimum conditions were found within certain 
even-aged dense stands of ponderosa pine on the Shasta Experimental 
Forest, usually 45 to 50 years of age, and averaging about 600 trees 
to the acre, with an average diameter breast high of 9 inches, and a 
height of 60 feet. Certain uniform, relatively dense even-aged virgin 
stands in which the younger trees had been killed by light fires were 
also well adapted to the study. The generalizations made in this 
report as to surface fires in the ponderosa pine type should therefore 
be applied specifically only where the fuel conditions are uniform; 
that is, where the ground is completely covered by at least 1 inch of 
pine needles. 

Fortunately for the simplification of the &st yearns study, the 
second-growth stands on the Shasta Experimental Forest occurred 
on level ground, permitting the elimination of slope as a variable and 
reducing the number of variables to be measured to four, viz: (1) 
Size of fire; (2) moisture of fuel; (3) wind velocity; and (4) effect of 
time. In all, tests were conducted on 13 carefully selected sites 
during the fii'st yearns study. ^ During 1934, the fires were confined 
to two sites and included studies of fires on sloping ground. 

CONDUCT OF TESTS 

The primary factors measured on each fire were fuel moisture, wind 
velocity, perimeter at each 2-minute interval, and, where important, 
slope. In addition, several secondary factors were recorded, as 
depth of litter, air temperature, surface-fuel temperature, relative 
humidity, and barometric pressure. 

For the plotting of perimeter, steel stakes were set at 5-foot inter- 
vals on lines radiating from the central ignition point. With these 
stakes in place it was practical for the plotter to enter the perimeter 
of the fires directly on polar coordinate paper. Figure 1 illustrates 
a fire 8 minutes after ignition on a typical test plot. Plotting was 
ordinarily done on a sketching tripod, as shown. 

Samples for moisture-content determinations were gathered iinme- 
diately before the start of the fire. Two methods were used at differ- 
ent times during the tests. The first consisted of gathering two 
samples, one in an open exposed part of the test plot, and a second in 
a more dense, covered portion. By the second method a single 
sample was taken of the top needles over the whole plot. Because 
rather wide variations were found over the plots, the average moisture 
value obtained by the second method proved the most useful. Sam- 
ples were collected in friction-lid cans and were weighed the day of 
collection. Because of lack of facilities in the field, all moisture 
determinations -were made at one time, at the end of the field season. 
The initial moisture determinations were based on ordinary oven- 
drying procedure. Later, studies by Buck (I) led to the use of a 
more accurate and speedy xylene distillation method. Moisture 
percentages used in this report have all been reduced to the xylene 
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distillation standard, which is about 1.5 percent higher in indicated 
moisture content than originally computed on an oven-dry basis. 

The measurement of wind velocities on the test fires presented 
problems in the selection of an instrument and in the choice of height 
above ground surface at which the measurement would best represent 
the influence of wind on rate of spread. Wind velocities within closed 
stands are relatively hght in comparison with concurrent velocities in 
the open, but nevertheless have a great influence on rate of spread. 
The ordinary three-cup anemometer was found to lack the sensitivity 
required for measuring these light winds. The Biram type (fig. 2) is 
much more sensitive and was used on aU fires studied. To adapt this 
anemometer to the study of test fires, it -was mounted on bearings, 
and provided with a vane to maintain its axis parallel to the wind 



I’lGUEE 1.— Test fire in typical even-aged stand of ponderosa pine 8 minutes after ignition. The uniform 
nature of the fuel is characteristic of the locations sought in these experiments. 

direction. So adapted, this type is recommended for all similar studies . 
An anemometer on the hot-wire principle was tried later, but pro- 
duced records no more useful than those obtained with the Biram 
type. After some experimentation, 30 inches above ground surface 
was selected as the desirable standard height for measurement of 
wind velocities, and throughout the study the anemometers were so 
mounted. Although an automatic recorder was developed toward 
the end of the experiment, the data used in the analjrsis consisted 
entirely of velocities recorded visually each 30-second interval over 
the period of the tests. 

Time records were taken with stop watches from the instant the 
match was applied. On a portion of the fires, temperatures attained 
by the fire during combustion were measured with thermocouples. 
Kecords of air temperatures, litter temperature, relative humidity, 
and barometric pressure were obtained with standard instruments. 
A detailed description, including needle depth, crown density, open- 
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ings in the canopjj and size of trees, was made for each plot. A 
rimning description of the behavior of each fire was a part of the 
routine observations. 

On the smaller fires, one man plotted perimeter, a second recorded 
wind movement, while a third made a running description of the fire. 
On the larger fires the number of men was increased to a maximum of 
seven, to allow more 
men for recording wind 
velocity, plotting per- 
imeter, and operating 
the thermocouple 
apparatus. 

In the test-fire pro- 
cedure, after the selec- 
tion of the test plot 
by the chief of party, 
a crew set the lines of 
stakes, using compass 
and tape, and taking 
care to disturb as little 
as possible the natural 
condition of the sur- 
face litter. While this 
work was proceeding 
another crew removed 
from the plot all large 
limbs and other debris 
which might influence 
the spread, and trim- 
med low dead branches 
which might tend to 
make the fire crown. 

In the early experi- 
ments, fire lines were 
cleaned around the test 
plots, but this practice 
was later abandoned, 
since the lines were sel- 
dom used, their prepa- 
ration required consid- 
erable time, and their 
use reduced the num- 
ber of plots that could Figuee 2. — Biram (vane) type anemometer mounted on a special 
be studied on any tripodanclfitted with a large direction vane. 

one site. 

During the process of plot preparation, the plot description was 
made, emphasizing any abnormal or unusual features; record forins 
were prepared; and the anemometer was set up to windward within 
10 feet of the estimated reach of the fire line. Thermometers wuue 
exposed in the litter, to be read just prior to the start of the fire. 

Fire-fighting equipment was then assembled, wmter supplies in- 
spected, and the suppression crew distributed. At this point a check 
on the progress of all preparations made it possible to set a time for 
the start of the fire. The final records, temperature, humidity, and 
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litter moisture were taken within a 5-minute period preceding the 
starting time. 

The fire was started by applying a single match at the center stake 
and simultaneously the stop watches of the observers were started. 
Thereafter all records of wind, perimeter, and fire behavior were main- 
tained according to stop-watch readings. Perimeter was recorded on 
the smaller fires at each even 2-minute period.^ On larger fires it 
was found desirable for the plotter to travel continuously around the 
fire, marking the perimeter location and the time of observation to the 
second. The accumulated total wind movement was read at each 
30-second interval. 

At the conclusion of the test, the fires were stopped by the applica- 
tion of water. With the edge of the fire dead, the smoldering litter 
was systematically extinguished to^ the center. By fast, thorough 
action it was usually possible to extinguish a test fire completely and 
to clear a fire line to mineral soil around it within 20 minutes of the 
end of the study. With experience, it was possible to obtain from two 
to five tests a day, depending on the area of the fires. Test plots 
were inspected regularly for several days following the fire. 

During the 1933 field season, 95 selected test fires were studied on 
the Shasta Experimental Forest, ^ under uniform conditions in the 
ponderosa pine type. During this season, the fires were allowed to 
attain a size of one-sixtieth to one-fortieth of an acre, the maximum 
size readily extinguishable with the facilities available. The period 
of study was ordinarily 18 minutes, although some slow-burning fires 
were allowed to spread for 30 minutes or more. Extremely rapid- 
burning fires were, for reasons of safety, suppressed at 12 or 14 minutes. 

Preliminary analysis of the 1933 records showed that the data 
could be much improved through additional studies over a longer 
total burning period. Some data on the effect of slope were also 
desired. In 1934 an area in ponderosa pine was selected on the Lassen 
National Forest, 100 miles south of the 1933 center of work, and here 
69 fires were set, 46 of these being on slopes above 10 percent in grade. 
During this second season, the tests ran for 30 minutes on the 23 fires 
on level ground. These fires attained areas of 0.05 to 0.5 acre. The 
suppression problem was increased to an extent sufficient to reduce 
materially the number of fires studied. 

GENERAL CHARACTERISTICS OF THE DATA 

A cursory examination of the data available at the completion of 
the tests revealed large fluctuations in rate of spread at different hours 
of the day. A fire at 7 a. m. might reach a perimeter of 25 feet in a 
12-minute period and later, on the same day, another might attain 
150 feet during the same burning period. Even average values fluc- 
tuated widely with time of day, as shown in table 1. 

The summer climate of northeastern California is remarkably uni- 
form. During the period of these tests, little or no precipitation 
occurred and clouds were uncommon. Minimum temperatures at 
night ranged from 30° to 55° F., while maximum day temperatures 
were within a range of 70° to 90°. Relative humidities in the summer 
at this elevation (4,000-5,000 feet) vary from 100 percent in the early 
morning hours to a minimum of 10 to 11 percent in the early afternoon. 
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Table 1. — Hourly averages of rate-of -spread factors of fires, 1933-34 


Hour of day 

Fires 

Area in 12 
minutes 

Per- 
imeter 
in 12 
minutes 

Wind 
velocity 
per hour 

JMoistiire 

content 

Relative 

humidity 

Air tem- 
perature 

A. M.: 

Number 

Square feet 

Feet 

Miles 

Percent 

Percent 

, ° F. 

7 

1 

60 

30 

0.0 

12.5 

45.0 

72.0 

8 

6 

95 

36 

.3 

10.0 

60.8 

58.7 

9. - 

12 

164 

44 

.9 

9.9 

42.9 

66.9 

10 

21 

285 

62 

2.1 

9.1 

31.8 

73.7 

11 - - 

14 

320 

66 

1.7 

8.6 

28.4 

75.5 

12 

P. M.: 

2 

295 

64 

1.2 

7.6 

22.5 

83. 0 

1 - 

14 

476 

84 

2.0 

7.0 

22.2 

83.2 

2 - - 

17 

458 

80 

2.0 

6.6 

22.9 

81.4 

3- - 

11 

328 

67 

1.3 

7.1 

22.8 

81.9 

4. 

11 

257 

60 

1.1 

6.8 

23.3 

82.5 

5. 

3 

212 

i 54 

.6 

6.9 

31.7 

78. 3 

6 

2 

104 

38 

.0 

8.0 

48.5 

68.0 

7 

1 

133 

42 

.5 

8.3 

53.0 

68.0 

8 

2 

166 

48 

.8 

9.0 

54.5 

66.5 


One striking fact illustrated by table 1 is the average low wind 
velocity recorded on these fires. From this it might be inferred that 
the tests were conducted purposely at times of light wind. In fact, 
however, windy conditions were sought rather than otherwise, but 
velocities within the stands were seldom greater than 3.5 miles per 
hour and then only for short periods. This was duo to high efficiency 
of the timber as a windbreak. It can be stated as a result of these 
observations, and on the strength of further studies by the authors, 
that winds near the ground in moderately dense stands seldom attain 
a velocity greater than 3 miles an hour even when in the open they 
reach 30 or more miles an hour. 

The tendency illustrated in the table for high wind velocity and 
low moisture content to occur during the same periods was noted in 
conducting the tests. Wind in the area where the tests were located 
is largely controlled by thermal convection, with the strongest move- 
ment during that part of the day when air temperature is highest. 
Absolute humidity tending to remain constant, the moisture content 
of light fuels in the areas studied responded quicldy to changes in 
temperature. While this phenomenon is undoubtedly character- 
istic of other forests, it is particularly prono (meed in the summer 
climate of interior California where air conditions are character- 
istically stable. 

The average moisture content of litter shown in table 1 ranges from 
6.6 to 12.5. The total range on these plots was from 4.0 to 13.5 
percent. Since aU fires were studied during a period when rain had 
not fallen for several weeks, it may be assumed that these variations 
are the result of diurnal fluctuations in atmospheric conditions. 

Figure 3 illustrates characteristic types of perimeter records. The 
lines on the chart represent the margin between flames and unburned 
litter at successive 2-minute intervals. On the slower fires the width 
of the flaming area was about 6 inches, but on fast fires the flames 
might attain on the leeward side a width of several feet. 

The simplest type of fire is that shown in figure 3, A, where air 
movement is too light to affect spread appreciably. Such a fixe soon 
develops into a thin ring of fire with the flames turning inward and 
upward as shown in figure 1. This tendency of flames to burn inward 
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is due to the displacement of the hot gases rising from the smoldering 
interior by cool air from outside the ring of fire. In the absence of 
changes in fuel conditions, fuel moisture, and wind, the rate of spread 
of such a fire would vary only during the period when the fire was 
becoming estabhshed, and with changes in the indraft due to variations 
in the volume of rising gases. The regularity shown in the burning 
rates of fires of this type gave support to the assumption of uniform 
fuel conditions. 




Figure 3.— -4, Diagram of slowly spreading fire: Average wind velocity 0,2 mile per liour, fuel moisture 
content, 7.0 percent; perimeter shown at each 2-minute interval. B, Diagram of rapidly spreading fire 
with constant wind direction: Average wind velocity 2.0 miles per hour; fuel-moisture content 4.3 percent; 
perimeter shown at each 2-mmute interval. C, Diagram of rapidly spreading fire with variable wind 
direction: Average wind velocity 1.1 miles per hour; fuel moisture-content 9.0 percent; perimeter shown at 
each 2-minute interval. 

The chart of a fire burning under a wind of constant direction and 
under comparatively uniform velocity is shown in figure 3, B. Al- 
though fires starting under these conditions are at first not greatly 
affected by the wind, they spread much more rapidly after becoming 
established. The shape of the fire and the rate of spread are in this 
case very noticeably affected by a wind of an average velocity of 2 miles 
per hour. 

With a wind of more than 1 mile per hour, the influence on the size 
and shape of the flames is immediately noticeable. Flames on the 
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leeward side increase in size and turn outward^ becoming with higher 
velocities approximately parallel with the surface of the ground. On 
the windward side, the flames are reduced in intensity and driven 
toward the burned area. On the flames burning at right angles to its 
direction, the wind has apparently little efiect. 

Figure 3, 0 illustrates a type of fire more characteristic of normal 
conditions than those shown in the two preceding charts. In this case 
the wind movement varied both m rate and direction. Fires behaving 
in this manner increase their area more rapidly than fires burning with 
a comparable velocity in one direction only. The effect on periineter 
of such variation is, however, unimportant. 

METHOD OF ANALYSIS 

The first step in the analysis of the fire records consisted of measuring 
the perimeter increase from charts such as those shown in figure 3. 
Perimeter was obtained with a map measurer and checked to the 
nearest foot. These data, together with the corresponding data for 
wind velocity, moisture content, and time for the 118 fires on level 
ground, were then entered on 1,153 cards, each containing the com- 
plete record of one 2-minute interval. Because of the scarcity of data 
in the higher time classes, all cases above 22 minutes were eliminated. 
The reason that perimeter and not area was used is that the area of a 
circle, or an ellipse, increases in proportion to the square of its radius, 
while the perimeter increases in direct pznportion to the radial in- 
crease. The rate at which the area of a fizn increases is, consequently 
a function of the size of the fire, while the I'ate of perimeter increase is, 
geometrically speaking, independent of size. Furthermore, perimeter 
is of greater significance in fire control, as better representing the 
suppression effort required. 

The Pearsonian mathematical method of multiple linear correlation 
was first considered. Two difl&culties presented themselves, however: 
(1) The relationships so derived would be linear, whereas it was con- 
sidered probable that the relationships were in part curvilinear; (2) this 
form of analysis is unsuited to definition of relationships where joint 
correlation exists; that is, where the influence of any one independent 
variable on the dependent variable is affected by the size of another 
independent variable. Show (6) discovered the presence of joint 
correlation in his 1916 data and preliminary curves in the present 
analysis confirmed this finding. Consequently, methods which wozild 
permit the definition of joint correlation, if it existed, were desirable. 
These considerations led to the use of methods recommended by 
Ezekiel (^) for problems of joint correlation. Inasmuch as these 
methods enter into discussion of the analyses finally developed, they 
are explained in detail. 

First, all cards were sorted into 2-minute time groups. Next, the 
cards in each time class were sorted into three moisture classes— 
below 7.4 percent, 7.5-10.4, and 10.5 and more. A third segregation 
was then made within each moisture class, on wind velocity, five 
wind-velocity classes being recognized as follows: 0.0-0.9 miles per 
hour, 1.0-1. 9, 2. 0-2. 9, 3. 0-3. 9, and 4.0+. Eleven tables of the type 
shown in table 2 resulted, one for each 2-minute period. 
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Table 2. — Summary of values of wind velocity, moisture content, and perimeter for 
first 2-minute 'periods,'^ on a basis of 118 fires on level ground 

FOR CLASS VALUE X3=0.0-7.4 


Class value 

N 

Total Xi 

Mean X\ 

Total Xj 

Mean Xo 

Total Xa 

Mean X% 

0.0-0.9 

12 

94 

7.8 

8.7 

0.7 

79.2 

6.6 

1.0-1.9 

23 i 

203 

8.8 

31.7 

1.4 

147. 2 

6.4 

2.0-2.9 

5 1 

43 

8.6 

11.5 

2.3 

29.0 

5.8 

3. 0-3. 9 - 

4 

44 

11.0 

14.3 

3.6 

22.8 

5.7 

4.04- 

4 

42 

10.5 

19.0 

4.8 

25.2 

C.3 


FOR CLASS VALUE X3=7.5-~lb,4 


0.0-0.9 

23 

147 

6.4 

9.3 

0.4 

202.4 

1.0-1.9 

20 

137 

6.8 

26.7 

1.3 

182.0 

2.0-2,9 

11 

81 

7.4 

26.8 

2.4 

93.5 

3.0-3.9 

1 

8 

8.0 

3.2 

3.2 

7.8 

4.0+ ! 

3 

25 

8.3 

13.1 

4.4 

26.1 





FOR CLASS VALUE A3=10.54- 


0.0-0.9 

9 

2 

46 

9 

5.1 ' 
4.5 

1.5 

2.3 

0.2 
1.2 i 

99.0 

21.6 

11.0 

10.8 

1.0-1. 9 

2. 0-2.9 - 

3.0-3.9 

1 

5 

5.0 

3.3 1 

3.3 

11,0 

11.0 

4.0+ 










Perimeter increase in feet per 2 minutes; X 2 =wind velocity in miles per hour, average during 2- 
minute period; X 3 =moisture content in percent, based on xylene distillation method; isr=number of cases. 


The next step was to plot the average value of the dependent 
variable (perimeter increase) on the average values of wind as a first 
approximation of the influence of that variable. Wind was used in 
the first approximation because preliminary studies had shown its 
influence to be most strongly defined. Three curves showing the 
effect of wind on perimeter increase, one for each moisture class, were 
constructed freehand for each time interval, a total of 33 curves in all. 
These curves served as a first approximation of the influence of wind 
velocity on perimeter increase throughout the entire range of moisture 
and time conditions. 

To determine the influence of moisture, a second series of approx- 
imation curves was drawn, using the first curves as a base, with mois- 
ture content plotted on the horizontal axis. After these plotted 
points were smoothed by freehand, a third approximation was made 
with time plotted on the horizontal axis. The fourth smoothing was 
made with wind velocity plotted on the horizontal axis as in the first 
approximation. Changes in the relationships became smaller at each 
smoothing and were finally considered negligible after the seventh and 
final smoothing. 

Several correlation studies of this type were made from the data. 
The results obtained are dependent to some degree upon the first 
approximation, where the personal judgment of the one analyzing the 
data is important. ^ Checks on the final results were made by smooth- 
ing in one correlation first on wind and in another first on moisture, 
^though the variations obtained in the final curves were not great, 
it was desirable to find a method of analysis less subject to this type 
of variation. 

As anticipated, joint correlation existed in the data and was par- 
ticularly noticeable in the change in the slope of the curves of wind 
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velocity with increasing time. ^ Some changes were also noted in the 
slope of the moisture curves with variations in time. On the other 
hand, no tendency^ for the slope of the moisture-perimeter curves to 
vary with changes in wind velocity, or vice versa, was found in any of 
the several correlation studies made. This and the fact that the in- 
fluence of both wind and moisture were|established by these studies 
as linear led to a slightly different type of analysis. 

If joint correlation was not present between the wind and moisture 
factors, but only between time and these factors, it was apparent that 
multiple linear regressions could be obtained for each time interval, 
thus eliminating personal judgment in the preliminary curving process. 
The influence of time, a relationship known to be curvilinear, could 
then be determined by successive freehand smoothings. This process 
was followed as outlined, multiple linear regression equations being 
obtained for the influence of wind and moisture for each 2-minute 
interval. 

At this stage of the^ analysis a further check was obtained on the 
presence of curvilinearity in the moisture-perimeter and wind-perim- 
eter relationships- Using the methods outlined by Mills (5), it was 
determined that no significant tendencies toward curvilinearity existed 
in any of the 11 correlations. 

The next step in the analysis consisted in smoothing the regres- 
sions to obtain an expression of the influence of time. This was ac- 
complished in the same manner as has been outlined in the discussion 
of the preliminary analyses. As a result of this procedure, a higher 
index of correlation and lower standard error were obtained than where 
freehand smoothing methods only were used. After the curves had 
been defined by successive smoothings an empirical formula was de- 
rived to express the curves mathematically. This formula and the 
method of derivation will be discussed subsequently. The analysis 
of the influences of slope on rate of spread, which was handled in a 
somewhat different manner, will also be discussed later. 

GENERAL RESULTS 

As an introduction to the results of the analysis, it may be well to 
review the theoretical aspects of combustion of wood as summarized 
by Hawley (4). The ignition temperature of dry wood is approxi- 
mately 540° F. Inasmuch as the temperature of combustion is in 
the neighborhood of 1,500°, it is apparent that combustion of finely 
divided wood substance will readily proceed, once ignition is estab- 
lished, even in the presence of appreciable amounts of moisture in the 
fuel. The influence of moisture is explained by the fact thatUefore 
combustion of wood can take place, all water in it must be raised to 
212°, vaporized, and the vapor raised to the ignition temperature of 
wood, 540°. Theoretically the amount of heat produced permits 
combustion to the point where 5.71 parts of water are present to 1 
part of wood, assuming full utilization of ^1 heat produced in the 
vaporization of the moisture. From a practical standpoint, however, 
because of heat loss, wood will not burn even under forced draft if 
there are more than 2 parts of water to 1 part of wood. Under forest 
conditions, only a small proportion of the total heat of combustion 
will be available for this purpose. Any considerable moisture content 
in forest fuels thus slows down combustion, through decreasing the 
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According to Hawley, at least 133 cubic feet of air are required to 
burn 1 pound of wood. This explains in part the influence of wind 
upon combustion. Wind also influences surface fires by forcing the 
flames close to the ground surface, thereby increasing radiation to the 
fuels. 

It is common experience that once a fire is established it tends to 
burn more readily. It has been generally assumed that forest fires 
rapidly increase their rate of spread with time. In this investigation. 



WIND VELOCITY (MILES PER HOUR) 



Figuee 4. — Probable rate of perimeter increase on level ground for various wind velocities and moisture 
content at 2 (^A) and at 8 (B) minutes from start of fire. 

an attempt was made to evaluate the length of this establishment 
period. 

In the following discussion, the effects of wind, moisture, and. time 
are treated separately, prior to a discussion of their combined effect. 

THE EFFECT OF WIND 

Smoothed curves showing the effect of wind throughout the ranges 
of moisture and wind velocity are shown in figures 4 and 5. The 
representation of the influence of wind as linear is in disagreement 
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witla the conclusions of Show (6). These earlier conclusions are 
apparently explained by the fact that it was impossibloj with the 
limited data available in the earlier study, to separate the influence 
of moisture from the influence of wind. The presence of intercorrela- 



Figure 5.— Brobable rate of perimeter increase on level ground for various wind velocities and moisture 
content at 14 m) and at 20 (B) minutes from start of fire. 

tion between wind and moisture was apparently not taken into account 
in this early work. In the present analysis, it has been possible to 
consider the influence of each variable within a small range of varia- 
tion of the other variables. 
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A second characteristic of ^ these curves deserving comment is the 
change of slope with increase in time. At 2 minutes, for instance, rate 
of spread increases about 0.3 foot with an increase of 1 mile per hour 
in wind velocity; at 20 minutes the increase is slightly more than 2 feet. 
The fact that joint correlation does not exist between moisture and 
wind is shown by the same slope of the lines for all moisture classes. 

THE EFFECT OP MOISTURE 

The influence of variations in inoisture content of the litter is shown 
in figure 6. As in the case of wind velocity, the relationship shown 



MOISTURE CONTENT (PERCENT) 



Figure 6.-— Probable rate of X-ierimeter increase on level ground for various values of litter inoisture content 
and various wind velocities at 2 (A) and at 20 minutes (B) . 

is linear throughout the range of time since start of fire; the slope of 
the moisture curves is negative. Only sufiicient curves are shown to 
illustrate the general character of the moisture-perimeter relationship. 

Joint correlation between time and moisture is shown by the varia- 
tion in the slope of the moisture curves with changes in time; the 
variationSj however, are less pronounced than in the case of the perim- 
eter-wind curves. Because of this joint correlation, it is difficult to 
generalize broadly on the influence of either the wind or moisture. 
If any one time is selected, a relative comparison of the influence of 
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wind and moisture content is possible. At the 20-minute time inter- 
val the influence of 1 percent variation in moisture is approximately 
0.4 foot in perimeter (fig. 6, B), At the same period, the influence of 




Figure 7.— Probable rate of perimeter increase on level ground at various times from start of fire and at 
various wind velocities for litter moisture content of 5 C^) and of 11 percent (J3). 

1 mile per hour in wind velocity is 2.0 feet (fig. jB). This ratio of 
1 to 5 emphasizes the importance, as defined in this study, of wind on 
rate of spread, once a fire is started. In making this or similar com- 
parisons, it should be remembered that the wind velocities shown are 
those measured within the stand, and do not correspond to those 
measured in the open. A relatively large increase of wind velocity 
in the open would be required to increase velocity within the stand 
from 3 to 4miles per hour, 
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THE EFFECT OP TIME 

The effect of time on rate of spread, or, as it might be expressed, 
the tendency of small fires to accelerate their rate of spread under 
various moisture and wind conditions, is illustrated in figure 7 . Curves 
are shown for two moisture classes only — 5 and 11 percent. It 
will be noted that, under low wind, fires tend to assume a constant 
rate of perimeter increase after the first few minutes of burning. 
With higher winds, the length of the period over which acceleration 
occurs increases and at the higher velocities the increase is still 
appreciable at 22 minutes. Presumably, however, under constant 
wind and moisture conditions, surface fires of this type would tend 
at the end of one-half hour or slightly more to burn at a steady or 
only slightly increasing rate. 



Figure 8. — Probable rate of perimeter increase on level ground for various values of litter moisture content 
and time from start of fire with wind velocity at 3 miles per hour. 


COMBINED INFLUENCE OF WIND, MOISTURE, AND TIME 

Consideration of the manner in which the three variables — wind, 
moisture,. and time — act in combination to produce various rates of 
spread is made complex b}^ the presence of joint correlation between 
time and the other independent variables. In general, it may be 
said that the influence of both moisture content and wind are direct, 
i. e., linear; and that a variation of 1 percent in moisture will influence 
the rate of spread by 0.4 foot per minute, while a change of wind 
velocity of I mile per hour wiU result in a variation in perimeter of 
about 2 feet per minute. These values are attained, however, only 
after the fire has burned for some time and they are not constant but 
vary with the period during which the fire has been burning. Ap- 
parently fires tend to reach a constant perimeter increase under 
unchanging moisture and wind conditions, but the time when this 
occurs cannot be closely defined from this study. It would appear, 
however, that the effect of time would be removed in most cases 
after 30 to 45 minutes. Figures 8 and 9 have been constructed to 
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show the variation in the effect of wind and moisture with time for 
the span of these tests. 

Figure 10 is a drawing of a model constructed to show these rela- 
tionships simultaneously. In this model, lines cutting through the 
diagram define the rate of spread values for various values of wind 
and moisture at a given time period. 

The combined influence of wind, moisture, and time on rate of 
perimeter increase may be more definitely expressed in mathematical 
terms. From figures 4, A, and 6, A, and 4, By and 6, B, it is obvious 
that the relationships between perimeter, wind, and moisture for any 



Figuke 9.— Probable rate of perimeter increase on level ground at various times from start of fire and at 
various wind velocities, for litter moisture content of 7 percent. 

particular time interval, as 2 minutes, may be expressed by a linear 
equation of the form 

■ ^ p==k-k' M+k" V (1) 

in which 

p==rate of perimeter increase in feet per minute 
Y=wind velocity in miles per hour 
M 

The use of the minus sign with the moisture factor is explained by the 
slope of the moisture-perimeter curve. If formulas are derived for 
each time period it will be found that the constants ¥ and will 
vary as some function of time. If they could be expressed mathe- 
matically and introduced into the formula, a mathematical expression 
of rate of perimeter increase at any time would result. 

To do this, values of ¥ for various times from the smoothed curves 
were plotted on time. The variation in ¥ with time is small; in theory 
it should become constant after a short period. Within the limit of 
22 minutes, however, it is practical to treat the relationship as linear, 

■ -',89150—38—2 ■' ■■ 
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as shown in figure 11, An expression for k' in terms of t is readily 
obtainable by a linear equation in the form of k'—a+ht. 

"V^en the values of k" are plotted on time as in figure 11, B, the 
curve resulting is of a more complex type. This may be expressed as 
a power series of the form 

k” —a-\-ht-\-cf-{-df-{- 

but would have such a large number of terms that its use would be 
cximbersome. 

The value of the constant k may be determined by extrapolation of 
the smoothed curves to determine the value of p when both M and 



Figure 10— Chart showing relation between wind velocity, moisture content, time from start, and probable 
rate of perimeter increase, for surface fires in ponder osa pine needles on level ground. 

V are zero. This value, so derived, is 6.35, a constant for any time. 
The final equation is : 

p,=:QM~-k' M+k" V (2) 

in which 

== rate of increase in perimeter in feet per minute 
i=time in minutes from start of fire 
and ^'—constants determined from table 3 
y==: wind velocity in miles per hour 
M==moisture content percent 
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THE EFFECT OP SLOPE 

Inasmuch as forest topography is usually mountainous, and slope 
is recognized as an important factor in spread, this discussion would 
be incomplete without some consideration of the slope factor, which 
has been omitted up to this point mainly to simplify the problem. 
Studies of slope were conducted under both laboratory and field condi- 



"TIME (MINUTES) 


Figuke 11.—^, effect of time on constant k' in equation p-6.35—F M+k'^ V+ZCSV). B, effect of time 
on constant A'' in equation p- 6.35— A'' V'-|-/(>SF). 

tions. Field studies were in all respects similar to those described for 
fires on level ground. 

In the study in the forest fire laboratory of the University of Cali- 
fornia a series of small fires were allowed to spread in a 4- by 10-foot 
burning pan at zero wind velocity and at slopes varying from 5 to 50 
percent. Because of the small scale of the experiments, ponderosa 
pine needles were cut to a xmiform length of IK inches to produce a 
slow-burning, imiform fuel. It was impractical in these studies to 
measure perimeter increase, linear spread being used instead. ; Previ- 
ous studies had shown that linear spread was closely related to increase 
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in perimeter, and that generalizations true of one were applicable to 
the other. 



SLOPE (PERCENT) 


ui 

llI 4 



SLOPE (PERCENT) 

Figure 12.— .4, Effect of slope on longitudinal axis of fires in feet at 3 minutes. B, Efi'ect of slope on lateral 
axis of fires in feet at 3 minutes. Basis for A and B\ 59 laboratory fires under constant moisture content 
and 0 wind velocity. 

Table 3.- — Vahms of ¥, h", K', and K", for calculating rate of perimeter increase 
and total perimeter 3 equations S and 4 


Time 

(minutes) 


I Time 
I (minutes) 
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The important contributions of the laboratory study were (1) an 
indication of the type of curve_ representing the effect of slope on 
increase on the longitudinal axis and (2) evidence that slope had 
apparently no effect on the spread of fire at right angles to the slope 
direction; these indications are illustrated in figure 12. This study did 
not result, however, in any quantitative evaluation of the relative 
effect of slope, moisture, and wind upon rate of spread. 

The field study comprised 46 fires at slopes of 10 to 30 percent. 
These were too few to permit the type of analysis used in determining 



Figure 13.~-Probable increase in rate of spread for slope fires over values for level ground for various slopes 

and wind velocities. 

wind, moisture, and time relationships. It was decided, therefore, to 
determine the approximate relation of slope and perimeter through 
the use of the relationships already determined for fires on level 
ground, considering the deviations from the level ground perimeters 
as the influence of slope. When this was attempted, it was found that 
the size of the deviations depended largely upon the wind velocity at 
the period, or, in other words, that slope and wind were jointly cor- 
related. Accordingly, the data were classified on the two variables, 
wind and slope, and deviations for each slope and wind-velocity class 
determined. The resulting relationships are shown in figure 13. 
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It seems apparent from a consideration of these curves that the 
influence of slope on rate of spread is inconsiderable at low wind 
velocities but that with higher wind, slope becomes increasingly im- 
portant. The indicated increase due to slope may in many cases 
approach the original values on level ground. For instance, at moisture 
content of 5 percent, wind 4 miles per hour, and time 20 minutes, the 
rate of spread on level ground is 12.6 feet per minute. Under the same 
conditions but with a slope of 20 percent, the correction to be applied 
is 12.2 feet, resulting in a total indicated increase of 24.8 feet. 

The slope measurements used in the analysis were the slope percent 
in the direction of the greatest spread, which corresponded closely to 
the prevailing wind direction. The relationships shown on slope are 
based on relatively scant data and are therefore not of comparable 
accuracy to the wind and moisture curves. 

As a result of the analysis explained above, equation 2 may now 
be rewritten 

M+F' V+f(SV) (3) 

Values oif(SV) may be obtained from table 4. 

ESTIMATING TOTAL PERIMETER 

It is apparent that, for any values of wind and moisture within the 
range of data available, it is possible to calculate the total perimeter 
at any time interval up to 22 minutes from the relationships already 
explained and expressed in equation 3. 


Table 4. — Values of f(SV) for calculating rate of perimeter increase and total 
perimeter f equations S and 4 


F=wind 
velocity 
per hour 
(miles) 

/S 

= slope in percent as indicated 

F=wmd 
velocity 
per hour 
(miles) 

s= 

= slope in percent as indicated 

0 

5 

10 

15 

20 

25 

0 

i 

...5 ■ 

10 

15 

20 

25 

0 

0 i 

0 

0 

0 

0.1 

0.2 

3.0 

0 

0.2 

1.6 

4.0 

7.0 

10.5 

0.5-— 

0 

0 

0 

0 

.2 

.5 

3.5 

0 

.4 

2.5 

5.6 

9.5 

13.9 

1.0 

0 

0 

0 

.2 

.6 

1.2 

4.0_.-_ 

0 

.8 

3.4 

7.3 

12.2 

17.7 

1.5 

0 

0 

.2 

.7 

1.6 

2.8 

4.5 

0 

1.3 

4.5 

' 9.2 

15.0 

21. 6 

2.0 

0 

0 

.4 

1.6 

3.0 

4. 8 

5.0 - 

0 

1.8 

1 5. 6 

11.2 

18.0 

25.8 

2.5.,_. 

0 

0 

.9 

2.6 

4.8 

7.5 




[ 
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equation to express total perimeter with constant wind and 
moisture conditions toectly may be derived from equation 3, as 
follows: 

p^=6.35^-- 

in which 

Pj=total perimeter at a particular time 
^=time in minutes from start of fire 
F= wind velocity in miles per hour 
if/=factor to be multiplied by moisture content (table 3) 
M=moistur 

i?/ '= factor to be mill tiplied by wind (table 3) 

/(SF)=factor to be multiplied by timn for slope fires (table 4) 
The derivation of the above expression is as follows : 

From equation 3, the perimeter at end of 2 minutes would be 
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P2^2{%,m)~2h'M+2kf'V+2f^^ 
and the perimeter increase in the third minute would be 
^3=6.35-*3'M+*3"F+/(^y) 
for the fourth minute 

^^==^M~km+h''V+j{SV) 

and for the nth minute 

Pt^^.Zb--klM+k/'V+f{SV) 

Total perimeter at end of any time would be 

Adding the above equations and factoring 

P,=.^Mt-{2kf +h' +kf + ^ 

....+knv+jm)t 

Let if/- (2fe'+V+^/ + ----+*/) and if/'-(2^/'+*3''W'+ 

— -WO 

Then, as already expressed, 

P^Q^^-^{K/)M+{K^ (4) 

Values of K/ and K/' have also been arranged in table 3. 

Values oif iSV) have been arranged in table 4 for ease in computa- 
tion. 

To illustrate the manner in which total perimeter increases with 
time, figures 14 to 17 have been prepared. These figures illustrate 
the characteristic behavior noted by Show (6"). 


ACCURACY OF ESTIMATE 

To determine the error of estimate of the derived predictions from 
the derived relationships, 350 cases of rate of spread for a 2-minute 
period were drawn at random from the 1,153 cards for fires on level 
ground and estimates from the appropriate equation compared to the 
observed values. The results follow. 

Fires on level: 

Average perimeter increases feet-« 11.4 

Standard deviation of average perimeter increase. -do - 6.2 

Standard error of estimate ... ; do — 4.3 

Index of alienation — 0. 69 

Index of correlation — ... 0.72 

As there were in all only 372 2-mmute cases of fires on slopes, the 
entire sample was used in the computation of the measures listed 
below:: '■ 


Fires on slopes: 

Average perimeter increases.. .._..„._^__„..feet.. 22. 9 

Standard deviation of average..— -----.---do... 16. 5 

Standard error of estimate.— ..do... 12. 7 

Alienation in dex. _ . . . . 0. 77 
Correlation index....... — 0. 64 
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The absence of higher correlation is due in part to inadequacy of 
measurement of perimeter, moisture, and wind, as well as to failure 
to include all the factors affecting the spread of fire. On a fast- 
burning fire it is impossible to approximate the location of the line 
closer than 1 foot, and this error is magnified in terms of perimeter. 
Measurements of moisture are only average values for the entire plot 



TIME (MINUTES) 

riGURE 14.— Probable total perimeter of fires burning under various constant wind velocities at moisture 

content 3 percent. 

and cannot be expected to approximate closely the moisture content 
of the particular portion of the litter in which the fire is spreading at a 
given time interval. Measurements of wind velocity, although taken 
by 2-minute time intervals, may also fail to show accurately the wind 
movement near the head of the fire. These errors are not cumulative 
but compensating, and greater correlation may accordingly be ex- 
pected when the relationships are used in the estimation of total per- 
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imeter. That improved errors of estimate result when total perimeter 
is used instead of perimeter increase, is shown by table 5, in Avhich 
indexes of correlation and errors of estimate have been derived for each 
2-minute period from a comparison of the estimated and actual total 
perimeters. Table 5 also gives comparisons of actual and estimated 
perimeters on slope. 



20 22 


TIME (MINUTES) 


Figure 15.— Probable total perimeter of fires burning under various constant wind velocities at moisture 

content 7 percent. 

The measurements indicate that, although it is not possible to 
estimate rate of perimeter increase with a high degree of accuracy, yet, 
when the relationships derived are _apphed to estimates of total per- 
imeter, a smaller error in proportion to the observed or dependent 
value results. This fact has considerable bearing on the practical 
side of the problem. 
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Figure 16.— Probable total perimeter of fires burning under various constant wind velocities at moisture 

^'nntent 11 percent. 




WIND VCLOCITY (MILES PER HOUR) 



Slope (per 
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Table 5 . — Summary of results in the application of the derived relationships do the 
computation of total perimeter of test fires on level and sloping ground at each 
2-minute time interval from start of fire 

FIRES ON LEVEL GROUND 


Time (minutes) 

1 

Cases 

1 

Average perimeter 

standard 
deviation 
of average 
actual 
perimeter 
. 1 

. 

Standard error 
of estimate 

Aliena- 
tion 1 
index 

Correla- 

,tion 

index 

Actual 

Calculated | 

i 


Number 

Feet 

Feet \ 

Feet 

Feet 

Percent 




118 

7.5 

7.6 i 

2.6 

2.1 

28.0 

0. 81 

0 59 


118 

17.7 

17.7 

6.4 

4.5 

25.4 

. 70 

.71 

6 

118 

28.9 

28.6 

9.8 

6,2 

21.5 

.63 

.78 

8 

118 

40.0 

40.0 

15.0 

9.4 

23.5 

.63 

.78 

10 - 

118 

51.2 

51.6 

18. 6 

11.1 

21.7 

1 .60 

.80 

12 

117 

63.5 

63.0 

22. 6 

13.7 

21.6 

.61 

. 79 

14 

114 

75.4 

74.7 

27.1 

16.0 

21.2 

.59 

.81 

16 

109 

87.0 

86.1 

31. 5 

16.5 

19.0 

.52 

.85 

18 

96 

97.7 

96. 5 ! 

38.9 

19.2 

19.7 

.49 

.87 

20 

71 

102.3 

102.8 i 

40.9 

17.2 

16.8 

.42 

.91 

22 

56 

112.6 

112.6 

51.2 

19.7 

17.5 

.38 

.92 


FIRES ON SLOPING GROUND 


2 

46 

12.1 

15.5 

7.2 

6.8 

56.2 

0.94 

0.3 

4 

46 

32.4 

34. 9 

18.5 

10.2 

31.5 

.55 

.8 

6 

46 

58.5 

57.4 

33.2 

18.4 

31.5 

.55 

.8 

8 

46 

87.2 

82.8 

52.1 

30.4 

34.9 

.58 

.8 

10 

42 

105. 5 

102.4 

64.5 

38.5 

36. 5 

.60 

.8 

12 

36 

116.2 

122.2 

50.6 ! 

35.5 

30.6 

.71 ; 

.7 

14 

31 

128. 1 

139.8 

52.5 

37.8 

29. 5 i 

. 72 J 

.6 

16 

27 

144.3 

166.3 

, 59. 5 

41.6 

28.8 

. 70 

.7 


SUMMARY 

In this study of rate of spread of small surface fires in selected even- 
aged second-growth ^stands of Finns ponderosa, records were analyzed 
of about 160 fires with burning periods of 16 to 22 minutes. 

The influence of both moisture ^ and wind is described as linear, 
with the slope of the curves varying with the time factor. Where 
fires burned with low wind, the maximum rate of spread as controlled 
by the moisture content was soon attained. With higher velocities, 
the period required to attain maximum rate of spread increased, and 
in some cases did not yet reach that maximum at the end of the 22- 
minute period, the time limit of the test fires. 

The effect of slope on rate of spread was found to be curvilinear 
and largely dependent for its influence upon the occurrence of winds 
in the direction of the slope. 

Empirical formulas derived from the smoothed curves permit 
estimates of rate of perimeter increase or total perimeter at any time 
interval within the limits of the data. The generalizations made 
appear highly significant, and prediction of total perimeter may be 
possible within a reasonable error of estimate. 

Extension of rate-of-spread studies to other types is dependent to 
a large extent upon research leading to methods of evaluation of the 
factor of fuel variation. With progress in present studies of fuels, 
similar studies in more complex forest types are contemplated. 
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ANATOMY OF THE LEAP AND STEM OP GOSSYPIUM' 

By Iema E, Webber 2 

Collaborator Division of Cotton and Other Fiber Crops and Diseases, Bureau of 
Plant Industry, United States Department of Agriculture 

INTRODUCTION 

Because of the great commercial importance of cotton fibers, their 
structure at various stages of development has been carefully studied. 
An indication of the work that has been done along this line may be 
gained from the papers of Dischendorfer (d),^ Youngman and Pando 
{53), and Kerr (^i), which give a number of literature citations. 
Structure of the seed {l^-, v. S; 32; S3; 3 4; 35; 36; 37) and that of the 
boll [ 14 , V. 3; 40 ) are intimately connected with fiber production and 
have received considerable attention. The anatomy of the cotton 
flower has also been investigated to some extent (7; 10; 14, v. 3-4)- 

The structure of the vegetative organs of Gossypium, although 
closely connected with the various plant functions and hence influenc- 
ing fiber yield, has received comparatively little attention. Some 
anatomical characteristics of seedlings of G. hirsutum X G. barbadense 
were depicted by Heim d e Balsac { 1 4 , 1 ) . The relation of the various 

reproductive and vegetative parts of mature cotton plants of different 
types has been repeatedly described (>^, 5, 16, 38), and an attempt 
has been made by Zaitzev (54) to ascertain the gross morphological 
characteristics of Old World cottons with a haploid chromosome num- 
ber of 13 and New World cottons with a haploid chromosome number 
of 26, but descriptions of the histology of the vegetative organs are 
wholly inadequate. A brief account of the anatomy of the various 
vegetative organs of an unnamed species of Gossypium was given by 
Platters (9), rather detailed reports of the microscopic structure of the 
roots (11) and the transition region {44) of G. hirsutum L. have been 
made, the ontogeny of the main stem and fruiting branches has been 
traced (10), and some histological characteristics of leaves and stems 
of G, herbaceum L., G. barbadense L. {14, ^), and G. hirsutum X 

barbadense {I 4 , 2) have been figured; but there is no consecutive 

account of the anatomical characteristics of the vegetative organs of 
the main groups of species or of the genus as a whole. Since there is 
considerable disagreement concerning the taxonomy of the genus and 
since microscopic and endomorphic characters when considered m 
conjunction with macroscopic exomorphic ones are often helpful in 
solving taxonomic problems, the present anatomical study of the genus 
was undertaken. 

MATERIAL AND METHODS 

Although this investigation was limited to nonfruiting branches, 
special attention was paid to anatomical characteristics that might be 
useful in distinguishing between American wild cottons with 13 haploid 
chromosomes {12, 19, 20) which have been excluded from the genus 

1 Received for publication October 13, 1937; issued August 1938. ^ , 

2 Tile material examined was made available for study through tbe courtesy of T. H. Kearney and J. M. 
Webber, of this Division. 

3 Italic numbers in parentheses refer to Literature Cited, p. 283. 
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Oossypium by some taxonomists, Old World cottons with 13 haploid 
chromosomes, and New WorH cottons with 26 haploid chromosomes. 
For comparative purposes a limited number of Gossypium hybrids and 
representatives of other genera of the Hibisceae were also included in 
the study. The species examined and the groups to which they belong 
are: 

Old World cottons with 13 haploid chromosomes: Gossypium africanumMoXi 
G. anomalum Wawra and Peyr., G. arboreum L., G. cernuum Tod., G. herhaceum L.’ 
G. intermedium Tod., G. nanking Meyen, G. neglectum Tod., G, sanguineum Hasskl'.’ 
G. stocksii Mast., G, sturtii F. MuelL, G. transvaalense Watt. 

American wild cottons with 13 haploid chromosomes: Gossypium armourianum 
Kearney, G. davidsonii Kellogg, G. harknessU Brsindeg., G. klotzschianum AndeTSB., 
G. thurheri Tod. {Thurberia thespesioides A. Gray). ’ 

New World cottons with 26 haploid chromosomes: Gossypium barbadense L., 
G, brasiliense Macf., G. contextum Cook and Hubbard, G. darwinii M&U, G. 
hirsutum L., G. hopi Lewton, G. peruvianmn Cav., G. purpurascens Boix., G. 
schottiiV^dXi, G. tomentosumKniX. 

Doubtful species oi Gossypium and members of related genera: Gossypium 
hirkii Mast., Alyogyne hakeaefolia (Giord.) Alef., Erioxylum aridum Rose and 
Standi., Hibiscus brackenridgei A. Gray, H. tiliaceus L., Kokia drynarioides (Beem.) 
Lewton, K. rockii Lewton, Lagunaria patersonii G. Don, Thespesia lampas (Cav.) 
Dalz., T. populnea Soland., and Shantzia garckeana Lewton. 

All of the material examined was taken from plants grown in the 
field at the Rubidoux Laboratory,^ Riverside, Calif. Much of the 
material was sectioned when fresh, but some of it was first killed and 
fixed in formalin-acetic alcohol and embedded in parafl&n. Safranine 
was used to stain some sections; the remainder were left unstained. 

LEAF ANATOMY 
EPIDERMIS 

The ordinary epidermal cells over clilorenchyma may be straight- 
walled or very sinuate in surface view. In most species their lateral 
walls are much less sinuous in the upper epidermis than in the lower 
epidermis, where stomata are more numerous (pi. 1, A, B). However, 
in some species the lateral walls of epidermal cells are characteristically 
rather straight on both upper and lower leaf surfaces (C, D), On 
vertically transcurrent veins the epidermal cells are longer and 
narrower than elsewhere on the lamina, the long axis of the cell being 
parallel to the course of the' vein (E). Over lysigenous cavities in the 
mesophyll, the epidermal cells are concentrically arranged and 
generally smaller than the surrounding cells {F). 

According to Flatters {9, p. 4^) “The epidermis of the upper [leaf] 
surface consists of closely-packed cells with resin-cells distributed 
among them * * What he here designates as “resin-cells^^ 

is not clear to the writer. In his figure of a cross section of a stem 
the lysigenous cavities are so labeled, but their absence in the epidermis 

* Maintained cooperatively by the IJ. S. Department of Agriculture and the California Agricultural 
Experiment Station. 


EXPLANATORY LEGEND FOR PLATE 1. 

Plpidermis of Gossypium leaves, X 312. A-J, Surface views showing comparative shape and size of ordi- 
nary epidermal cells and stomata. A and A G. brasiliense: .A, From upper side of leaf; B, from lower 
side of leaf. C and Q. harknessU: C, From upper side of leaf; J), from lower side of leaf. E and F, 
Q. peruvianum: Et Epidermis of a vein; F, epidermis over a lysigenous cavity in the mesophyll. G-J, 
Epidermis from lower surfaces of leaves: G, G. hirsutum var. Acala; H, G, hirsutum 'X. 0. cernuum; I, G. 
armourianum; J, G. hirsutum 'K G, armourianum. K~M, Leaf sections showing position of stomata: K, 
G. contextum, epidermis; L, <?. arboreum, upp&t epidermis; M, G. Aar/iwmiz, upper epidermis. 
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of leaves suggests that he either did not distinguish clearly between 
epidermal and subepidermal tissue, or applied the term “resiii-ceUs” 
to some other structure as well as to the lysigenous cavities. In the 
latter case, ordinary epidermal cells with colored contents, mucilage 
cells, or minute, depressed capitate hairs may be meant. 

Ordinary epidermal cells with colored, usually purplish or reddish, 
cell sap are of scattered occurrence in most species of Gossypium. 
In green-leaved plants they commonly adjoin the guard cells of stomata 
and are not nearly so numerous as the hyaline epidermal cells. In 
reddish-leaved plants, such as G, purpurascens and the Red Acala 
variety of G. hirsutum, they are not restricted to the vicinity of stomata 
and may be more numerous than hyaline epidermal cells. The 
inheritance of red plant color in cotton plants has been discussed b}?" 
Ware {49). 

Although mucilage cells were reported by Dumont (S) as completely 
wanting in Gossypium and as very rare throughout the Hibisceae, 
according to Kuntze (22) they are characteristic of both the upper 
and the lower epidermis of the leaves of all Hibisceae. They are 
apparently lacking or inconspicuous in the epidermis of Kokia, 
Shantzia, Erioxylumj and most species of Gossypimn, but fairly 
numerous in that of G. kirkii (pis. 2, B, a; 3, M, a), G. klotzschianmn 
(pi. 3, R, a), Thespesuij Hibiscus, and Lagunaria. As a rule, they are 
considerably larger than the adjoining cells, and more common in tlie 
upper than in the lower epidermis. The distribution and structure of 
mucilage cells in a number of malvaceous genera, chiefly representative 
of tribes other than the Hibisceae, have been discussed by Trecul (46), 
Walliczek (48), and Nestler (28). 

Heim de Balsac (14, v. S) depicted stomata in the lower but not the 
upper epidermis of the leaves of Gossypmm herhaceum and G. barba- 
dense, while stomata were reported by Flatters (9) as few or absent 
in the upper epidermis of the leaves of Gossypium and by Kuntze (22) 
as lacking in the upper epidermis of G. drynarioides Seem. The 
latter species is now referred to the genus Kokia and was found by^ 
the writer to have a few widely scattered stomata on the upper leaf 
surface. In all species of Gossypnum examined, stomata are present 
on both upper and lower leaf surfaces but are more numerous on the 
lower surface. In some species the difference between the average 
number of stomata per square millimeter of the upper and the lower 
epidermis of a leaf is very marked, while in others it is comparatively 
slight. For example, when stomatal counts were made near the 
centers of mature leaf blades in areas free from large veins, the average 
number of stomata per square millimeter of upper and lower leaf 
surfaces were, respectively, 122 and 159 in G. hmLnessiiy and 40 and 
218 in G. peruvianum. The correlation indicated by Kuntze for most 
Malvaceae between a dense coating of hairs and the presence of stoma- 
ta in the upper epidermis, or dense hairy covering and relatively high 
stomatal number in the lower epidermis, does not hold true in Gossyp- 
mm. In leaves of the species examined by the writer the average 
number of stomata per square millimeter of the upper epidermis ranged 


EXPLANATOEY LEGEND EOE PLATE 2. 

Leaf epidermis of G'os&'ypmm and related genera showing various types of hairs. X Wi. .d, O. inUrmedium: 
JB, Q. kirkii; C, Q . mnguineum; D, G.tomentosum; E, Q. peruvianum; G.thurberi; G, Tfmpoeiapopulim: 
II, Lagunaria patersonii. a, Mucilage cell; 6, capitate hair; c, stellate hair; d. simple hair; c, peltate scale. 

; 89150—38— 3 : ■■■;■ , ■ ■ 
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from 40 in 0. peruvianum to 170 in G. intermedium , while average 
stomatal numbers per square millimeter of the lower epidermis varied 
from 80 in 6 . tomentosum to 280 in 6 . anomalum. 

Within the genus Oossypium the stornatal apparatus of leaves 
varies from roundish (pi. 1, H, I) to elliptic (A, B, 0, D, E, 0, J) in 
surface view, the latter form dorninating. Twin and malformed 
stomata are occasionally present, being somewhat more numerous in 
certain hybrids than in their parents. The normal stomatal apparatus 
of mature leaves varies in average length from about 24/i to 32/x and 
in average width from about 16/x to 24^. Within a species there are 
no appreciable differences in size or shape between stomata of the 
upper leaf surface and those of the lower leaf surface, some variation 
generally occurring on both surfaces. Because of the similarity of 
stomata in most of the species, stomatal size in interspecies hybrids of 
Oossypium is generally of little significance. At times, however, 
when a species with relatively large stomata {0) and one with small 
stomata (/) are crossed, stomatal size of the hybrid is clearly inter- 
mediate between that of the parents (J). Some such hybrids show a 
wider range in stomatal size than most of the species (JS). Stomata 
may be level with the ordinary epidermal cells (£), slightly above the 
general epidermal surface {K), or slightly below it (M), those on a 
single leaf often being in more than one position. 

Exclusive of epidermal outgrowths, the thickness of the epidermis 
on mature leaves of Oossypium varies considerably. In some species 
and hybrids, notably G, armourianum (pi. 3, A), 0 harknessii, 0. 
thurberi (0), G. armourianum X 0. harknessii^ G. thurberi X G. sturtii, 
0. sturtii X G. harknessii, and G. hirsutum X G. sturtii, the upper and 
lower epidermis of a leaf are of approximately the same thickness. 
In such plants the 'average* thickness of the leaf epidermis over chlo- 
renchyma varies from about 16^ to 32^. In the majority of species 
the upper epidermis of a leaf is thicker than the lower epidermis. 
The difference in thickness may be relatively slight as in 0. barbadense, 
G. peruvianum {E), and 6*'. anomalum (I), or considerable as in G. 
klotzschianum (B), G. hirsutum {F), and G. herbaceum (J). In leaves 
with upper and lower epidermis of different thicknesses, the upper 
epidermis varies in average thickness from about 14 m to 32 m, and the 
thickness of the lower epidermis ranges from about 10m to 32m* Over 
large veins the epidermal cells often have thicker outer walls than 
elsewhere on the lamina. 

Three types of epidermal outgrowths occur on the leaves and stems 
of Oossypium, The ontogeny of each hair type has been traced by 
Youngman and Pande {53) and shows a marked similarity to that of 
comparable trichomes described by Eauter {30) in Malva, 

Multicellular capitate hairs, sometimes called glandular hairs {J^S), 
club-shaped bodies (53), or septate papillae (45), were observed on 
both the upper and the lower leaf surfaces of all species of Oossypium 
examined. They are more numerous than other types of trichomes 
on the mature leaves of G, armourianum, 0. harknessii, 0. barbadense, 
G, brasiliense, G. contextum, 0. darwinii, G, hirsutum, G, hopi, 0. 


explanatory LEGEND rOR PLATE 3. 

Gross sections of leaf bladessLowing structure of the epidermis and mesophyll. X 80. yl, Oossypium armouri- 
auum; By 0. klotzschianum; C, G. thurberi; JD, JErioxylum aridum; E, G. peruvianum; F, G. hirsutum; 
O, G, tomentosum; H, G. barbadense; /, G. anomalum; J", Q. herbaceum; K, G. cernuum; L, G. sturtii; 
My O’ kirkii. a, Mucilage cell; 6, capitate hair; c, stellate hair ; d, lysigenous cavity in mesophyll. 
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fermianvjm, G. pur pur ascenSj G. schottii, and 6. kirkii (pi. 2, B), but 
are comparatively rare even in young leaves of G. sturtiu They vary 
considerably in size, shape, color of contents, and the extent to which 
theii' bases are depressed below the level of non-trichome-bearing 
cells (pL 3, A, F, H, 7). They are not confined to the genus 
Gossypium, having been observed also in the genera Alyogyne (pL 4, 
<7), Lagunaria, Hibiscus, Kokia, Thespesia, and Shantzia. Other 
types of capitate and glandular hairs characteristic of various malva- 
ceous genera have been figured by Janda {18). 

Stellate hairs, characteristic of the family Malvaceae, were present 
on the leaves of all species of Gossypium examined. Their absence 
in some species of this genus has been pointed out by Hubbard {16), 
who reported a South American species with simple hairs, and by 
Youngman and Pande {63), who mentioned mutant forms of both 
Old. World and New World cottons without stellate hairs or their 
derivatives. The stellate hairs of Gossypium leaves are commonly 
more abundant on the lower than on the upper surface, and frequently 
more abundant along the major veins than elsewhere on the lamina. 
They are often more conspicuous on the petiole than on the leaf blade. 
Some indication of their diversity in size, form, and distribution on 
lower leaf surfaces of various species of Gossypium and related genera 
is given in plates 2, A, O, D, £, F; 3, O, D, G, H, I, J, K; and 4 A, C. 

Simple hairs, apparently derivatives of stellate hairs, are generally 
scattered among the stellate hairs on the mature leaves of most 
species of Gossypium, Usually they resemble a single ray of a stellate 
hair in both form and size. However, in some species, for example, 
Q. africanum, G, arboreum, 6. nanking, and G. neglectum, they are 
both broader and longer than the individual rays of the stellate hairs 
with which they are associated (pi. 2, A). In species with stellate 
hairs of two distinct sizes, e. g., Q. sanguineum {0), some of the simple 
hairs resemble the rays of the large stellate hairs and some resemble 
those of the small stellate hairs. 

No peltate scales, sucn as are characteristic of the lower surfaces of 
the leaves of the related species Thespesia popuJnea (pi. 2, G) and 
Lagunaria pater sonii (7?), were observed in Gossypium. The distri- 
bution and characteristics of peltate scales in a number of families 
have been discussed by Bachmann {2). 

HYPODERMIS 

Of the species listed by Solereder {43) under the Malvaceae as 
having a many-layered epidermis or hypodermis, all but Gossypium 
drynarioides are members of the Bombacaceae. This species, now 
referred to the genus Kokia, resembles TToHa rockii in tha5 it does not 
develop a hypodermis under Kiverside conditions (pi. 4, B). Al- 
though scattered epiderm,ai cells divided by horizontal walls are sqme- 
tim.es present in Gossypium and related genera, true hypodermis is 
apparently lacking in Gossypium. However, a well-developed hypo- 
dermis occurs in Lagunaria patersonii {A), which Dumont {8) reported, 


EXPLANATORY LEGEND rOR PLATE 4. 

Leaf sections of Gossypium and related genera. X 80. A-C, Cross sections showing characteristics of ep- 
idermis and mesophyll: Al, Lagunaria patersonii; Br Kokia drynarioides; C, Alyogyne hakeaefolia. JO, Hibis- 
cus tiUaceusrlongitndindl section of midrib. E, H, brackenridgeit cross section of midrib. F, G. sanguineuni, 
longitudinal section of midrib. (? and H, G. scftoffii, cross sections of midribs: G, Taken at about midpoint 
of vein; H, taken through nectary, a, Hypodermis; d, mucilage canal; c, lysigenous cavity. 
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under the name Lagunea squamea, as having much elongated epidermal 
cells often divided transversely. 

MESOPHYLL 

The predominance of bifacial leaf structure in the Malvaceae has 
been pointed out by Solereder (^S). ^ Aside from the bombacaceous 
species he includes, he reports centric leaf structure only in Malva 
jgarviflora. In describing the anatomy of cotton leaves, Flatters 
(5, 4^) states that the upper part of the mesophyll is composed of 

two layers of palisade cells. ^ ^'The lower half of the mesophyll is 
made up of loosely arranged irregular cells with large air spaces be- 
tween them * * The inapplicability of Flatters' description 

to the mesophyll of all species of Gossypium and the commoner occur- 
rence of centric leaf structure than was indicated by Solereder (4^) 
are evident from the account of structural differences in mesophyll 
within the genus Gossypium given by Magitt and Magitt {25). They 
stated that palisade parenchyma underlies the epidermis of only the 
upper surface of the leaf in American cottons and in hybrids between 
American and Asiatic cottons, but occurs beneath the epidermis on 
both upper and lower leaf surfaces in Asiatic cottons. This distinc- 
tion between Old World and New World cottons does not apply to 
plants grown in the field at Riverside. Specimens examined by the 
writer showed that leaves of some species of the Old World group 
(pi. 3, /, Kj I), of the American group with 26 pairs of chromosomes 
((?, H)j and of the wild American group with 13 pairs of chromosomes 
(A) develop palisade underlying the epidermis of both the upper 
and the lower surface. Within each of these three groups of Qossyp- 
ium, the leaves of some species are characterized by mesophyll com- 
posed of palisade tissue underlying the upper epidermis and spongy 
parenchyma underlying the lower epidermis (R, G, E, E, J)- A less 
common type of centric leaf structure than that occurring in Gos- 
sypium was observed in the cotton relative Alyogyne hakeaefolia 
(pL 4, 0 ). 

In structure as well as in distribution, the palisade tissue of GoS' 
sypium leaves shows greater diversity than was indicated by Flatters 
(9). In the leaves of G. armourianum (pi. 3, A) and G. harknessii 
there are areas in which palisade tissue extends from the upper to the 
lower epidermis and is commonly four or five cells thick. The pali- 
sade layers are more commonly one cell than two cells thick in leaves 
with palisade tissue restricted to the upper side or with clearly dis- 
tinct upper and lower palisade layers. Palisade cells of plants grown 
in the field vary in length from about 30/x to 220^ and are commonly 
longer in the upper layer of palisade parenchyma than in the lower 
layer, when the latter is present. 

The spongy parenchyma of Gossypium leaves is often more compact 
than Flatters {9) indicated. At times the form and arrangement of 
spongy parenchyma cells so closely approximates that of weak pali- 
sade tissue that a distinction between the two types of tissue is 
purely arbitrary. 

Oblate or spherical cavities, usually SO/x to I70a in diameter and 
commonly with dark-purplish or brownish contents (pi. 3, (7, M), 
occur in the mesophyll of all species of Gossypium examined and in 
the mesophyll oi Erioxylum aridum ip)^ Kokia drynarioides {p\. 4, j5), 
K. rockUy Thespesia lampas, T. populnea, and Shanizia anrrd'pnma. 
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They were reported by Dumont (5) to be of schizogenous origin, but 
according to the earlier repo^rt of Von Hohnel {15) on similar cavities 
in the cotyledons of Oossyjyium herhaceum and the more recent work 
of Stanford and Viehoever {JfB) on various organs of G. hirmtum, they 
are formed lysigenously. Similar cavities have been referred to under 
a variety of names, including mucilage glands { 14 , o. 2), muciiage 
pockets {8, 22), resin ceils {9), resin glands (56'), black oil glands {23), 
internal glands {45), gossypol cavities {52), and mucilage canals {IS), 
According to Stanford and Viehoever {45), the nature of the contents 
of the flattened cells surrounding the cavities is dependent upon 
whether they are developed in darkness or exposed to light. 

VEINS 

The veins of Gossypium leaves are mostly vertically transcurrent 
(pi. 3, I, L), but some of the smaller ones are embedded {Q). The 
midribs and other large veins commonly project beyond the general 
level of the lamina on both upper and lower surfaces of the leaf (^4-/). 
The relative thickness of the major veins and of the photosynthetic 
areas of leaves, as well as size and shape of major veins at comparable 
points in the leaves of different species, shows considerable diversity 
within the genus. The size of both the vascular bundles of the mid- 
ribs and the conducting elements composing them is likewise variable. 
Kuntze {22) reported the veins of 0. herhaceum to be without bast, 
but Heim de Balsac^s {14, r. S) diagrammatic sketch of the midrib of 
this species showed groups of pericyclic fibers. The veins of most 
species of Gossypium commonly lack fibers at the outer edge of the 
phloem throughout the greater part of their length. However, it is 
not unusual to find a few bast fibers capping the phloem toward the 
base of the larger veins. In large veins (pi. 4, G) the vascular bundles 
or fibrovascular bundles are surrounded by parenchyma which 
extends to a collenchymfitic layer of variable thickness underlying the 
epidermis, while in small veins the parenchyma extends to the epider- 
mis. Druses, probably of calcium oxalate, are often present in the 
parenchyma of both large and small veins. Lysigenoiis cavities 
resembhng those occurring in the mesophyll are frequently present 
in the parenchyma of large veins (pis. 4, F; 5, 4). Mucilage canals, 
such as are present in the parenchyma of the veins of species of 
Hibiscus (pi. 4, D, E), are apparently absent in Gossypium. As shown 
in plate 4, D and E, mucilage canals may occur in vein parenchyma 
above as well as below the vascular bundles, where they were observed 
by Kuntze {22), 

NECTARIES 

Nectaries are usually a conspicuous structural feature of the leaves 
of Gossypium, but they are apparently always lacking in G. tomentosum 
and are often absent in individual leaves or plants of other species. 
Unlike the extrafloral nectaries described by Tyler {47) as character- 
istic of one or both sets of involucres in Gossypium, ^ the leaf nectaries 
are considered by Lewton {2S) to be of little value in classification. 

The leaf nectaries of Gossypium occur on the lower surface of from 
one to five major veins/being most common on the midrib. Only one 
nectary occurs on a vein, and it is usually close to the base of the vein 
inmost species, but in G. kirkii it i^ characteristically well above the 
middle of the vein. Leaf nectaries vary considerably in size within 
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each of the three main groups of species. Nectary size does not 
always correspond to leaf size, the nectaries of Q, sturtii being very 
long in proportion to leaf length, and those of hybrids involving the 
eglandular species G, tomeniosum generally being very small in pro- 
portion to leaf size. Often the nectaries on major lateral veins are 
smaller than those on the midrib of the same leaf. Leaf nectaries 
likewise show wide variation in size in the close relatives of Gossypium, 
those of Shantzia being noteworthy because of their great length. 

The leaf nectaries of Gossypium are most commonly rounded- 
triangular in outline, but may be nearly circular, elliptical, elongate- 
quadrangular, or sagittate, the shape showing no correlation with the 
main divisions of the genus. Cross sections taken at approximately 
the middle of nectaries (pi. 5, A-J) show that the extent of depression 
of the glandular surface, the size and shape of glandular hairs, and 
the contour of the sides of the nectaries are also variable. 

Janda (18) recently classified the extrafloral nectaries of Gossypium, 
Thespesia trilohata, and Gienfuegosia as depressed nectaries, or nec- 
taries with the secretory surface below the surrounding surface. In 
contrast, the nectaries of Hibiscus rosa-sinensis, H. sehizopetalus, H, 
archeri, H. syriacus,^ and Thespesia populnea were classified as surface 
nectaries, or nectaries with the secretory surface lying at or near the 
same level as the surrounding epidermis; and the nectaries of Kydia, 
Urena, Decaschistia, Dicellostyles, Julostylis, and some species of 
Hibiscus were described as hollow nectaries, or nectaries with the 
secreting surface covering a cavity which has a small, slitlike orifice. 
Since Janda listed different species of Thespesia and Hibiscus as 
having different types of nectaries, it is not surprising that cross sec- 
tions of some Gossypium nectaries (pi. 5, C, D) show that they might 
well be described as surface nectaries rather than depressed nectaries. 

The ontogeny of the nectaries of cotton leaves has been traced by 
Schwendt (39, pp. 264-256) in Gossypium brasiliense and by Eeed 
(31) in G. hirsutum.. The histology of mature leaf nectaries of G. 
brasiliense, G. herhaceum, G. davidsonii, and G. microcarpum Tod. 
was compared by Schwendt (39), and the structure of leaf nectaries 
and involucral nectaries of G. purpurascens was compared by Janda 
(18). ^ Although the leaf nectaries of different species of Gossypium 
vary in such characteristics as the size and number of glandular hairs, 
the number of simple or stellate hairs, and the size of cells composing 
their glandular and subglandular tissue, their general structure shows 
a marked similarity in all species. As in extrafloral nectaries dis- 
cussed by Solereder (43), the upper, expanded portion of the glandular 
hairs of Gossypium nectaries is generally more strongly developed than 
that of capitate hairs of similar structure found elsewhere on the 
same plant (pi. 4, G,H). Bordering the glandular hairs of a nectary, 
the epidermal cells are often vertically elongate and are sometimes 
divided horizontally. Underlying the epidermis of the nectaries are 
several cell layers of subglandular tissue. As shown in plate 4, 6^ 
and H, the cells of the subglandular tissue are smaller than the paren- 
chyma cells of major veins outside the nectarial region. In some 
nectaries, druses of calcium oxalate are particularly abundant in 
the subglandular tissue. 

PETIOLES 

Within the genus Gossypium poiiolo^ of mature leaves vary greatly 
in size. According to Afzal (1) the petiole attains its full size at the 






Cross sections of Gossypium leaf nectaries. • X 25. A, G. Uotz^cManum; B, G. 

JD, G. africanum; E, G. sturtii; F, G. darwinii; G, G. permianum; H, G. thuroen, 
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same time as the lamina, and there is a high correlation between length 
of petiole and length of midrib. There is also a general tendency 
for long petioles to be of greater diameter than short petioles, but 
individual exceptions to this generahzation are of fairly common 
occurrence. The shape^ of a petiole in cross section depends con- 
siderably on the point in the petiole at which the section is taken 
(pL 6, D, E, F). An indication of the range in size and shape of the 
midsections of petioles of Gossypium may be gained from plate 6, 
A, B, C, E, G, find H. 

The epidermis of the petiole bears a marked resemblance to that of 
the major veins. The various types of epidermal hairs are well de- 
veloped on the petiole and are often more conspicuous than on the 
midrib. Underlying the epidermis is a multicellular layer of collen- 
chyma such as Plitt (29) described as characteristic of malvaceous 
petioles. The prominent ridges of the petioles of G. kirkii (pi. 6, JS), 
wliich give them their quadrangular outline in cross section, are com- 
posed mostly of this tissue. Between the collenchyma and the well- 
developed fibers capping the phloem of the vascular bundles is a 
parenchymatic layer several cells deep. Oblate or spherical lysigenous 
cavities similar to those occurring in the parenchyma of veins are 
usually of scattered occurrence in this parenchymatic layer (A-H).. 
At the midpoint of the petiole the fibrovascular system may take 
the form of a ring (A, B), an arc open at the top (Of or isolated 
bundles arranged in a ring (E), This diversity in arrangement of the 
vascular tissues of the petioles of is greater than is in- 

dicated for the family Malvaceae by Dumont (8), Plitt (-^<9), or 
Solereder (48)^ 

While many species of Gossypium and related genera have dimorphic 
leaves (5), G. thurberi is notable for its diversity of leaf form. In 
this species the arrangement of the vascular tissues in cross sections 
taken at the midpoints of petioles of an entire leaf (pi. 6, G) and of 
leaves with two, three, four, and five lobes (H) showed but slight 
differences. 

The central parenchyma of a petiole is usually homogeneous, al- 
though some of its cells frequently are conspicuous because of their 
dark-brownish contents (pi. 6, A), The central parenchyma of the 
petioles of the aberrant G, kirkii differs from that of the typical species 
of Gossypium examined in that it occasionally includes a few small 
medullary bundles and generally contains scattered spherical or 
oblate lysigenous cavities similar to those found in the lamina and 
in the cortex of the petiole (B). The occurrence of these cavities in 
the central parenchyma of the petiole of G. kirkii is oi significance 
since Lewton (^^) has pointed out that the distribution as well as the 
presence or absence of such cavities should be regarded as an anatomi- 
cal character of value in classifying the Hibisceae. 


EXPLANATORY LEGEND TOR PLATE 6. 

Cross sections of petioles and steins. .A-H, Petioles (X 15): U, JB, C, EJ, 0, and II, Sections 

taken at approximately midpoint of petiole; D, section taken near top of petiole; T, section taken near 
base of petiole; A, G. brasiliense; B, G, kirkii; C, G. armourimum: J)~F, G. mnking; G, II, G. thurberi. 
I-O, Stems (X 7H): I~L, very young stems; M-0, older stems; land Af, G. purpnrascem; J and N, 0. 
arhoreum; K o-ud O, G. davidsonii; L, G. kirkii. 
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STEM ANATOMY 

SHAPE OF THE STEM AND ARRANGEMENT OP THE TISSUES 

The stems of all species of Gossypium vary in cross-sectional shape 
at different stages in their development. As shown in plate 6, J-i, 
sections taken near the apices of the stems of Old World cottons, an 
American wild cotton, and a cultivated American^ cotton are angular 
and are generally inclined to be pentagonal in form. In contrast, 
sections of older stems {M-0) are rounded, often nearly circular, but 
sometimes broadly elliptic in outline. 

The arrangement of the tissues in stems of Oossypium may be seen 
in plate 6, 1-0, and plate 7, A, B, C, E. In centripetal order the 
primary permanent tissues (pi. 7, B) are epidermis, cortex merged 
with pericycle, phloem, cambium, xylem, and pith. In older stems 
the epidermis is underlain by periderm {O), which later replaces it 
{E). 

EPIDERMIS AND PERIDERM 

The epidermis of the stem is quite similar to that of the petiole 
The characteristic types of epidermal hairs are usually well developed 
near the apex of a stem but are less numerous where the epidermis is 
older. In a given plant, the capitate hairs near the apex of a stem are 
sometimes considerably larger than those over the green portions of 
the leaf blades, and approach those of the nectaries in size. A two- 
layered epidermis is present in the stems of some relatives of Gossyp- 
ium, notably Hibiscus splendens ( 24 ) and Alyogyne hakeaejolia 

(pi. 7,1?) • . . . " . , ' 

Periderm formation in the stems of Oossypium usually begins before 
the end of the first growing season. In numerous species of Oossypium 
the phellogen that gives rise to the periderm (pi. 7, C) forms in the 
outermost layer of cortical cells. A subepidermal phellogen is also 
characteristic of Erioxylum aridum and, according to Moeller (27), of 
Hibiscus syriacus L. and Lavatera olbia L. Solereder (48) reported that 
phellogen of epidermal origin is much less common in the Malvaceae, 
being known to occur only in the Ureneae, Sida pulchella, and most 
species of Hibiscus. At different ages the periderm of any given 
species is of rather different appearance. Different stages in the devel- 
opment of periderm in stems of G. harknessU are shown in plate 7, 
O and E. As has been reported by Kuntze (22), the phellem cells of 
most species of Oossypium often have brownish contents. The com- 
paratively rare occurrence of oblate or spherical lysigenous cavities in 
the phelloderm of Oossypium stems has been discussed by Stanford 
and Viehoever (.^5). 

CORTEX AND PERICYCLE 

The general occurrence in the primary cortex of the stems of Mal- 
vaceae of an outer and an inner parenchymatous zone separated by a 
collenchymatous zone was reported by Solereder (.^S). These three 


EXPLANATORY LEGEND FOR PLATE 7. 

Stern sections. X 60. A and B, Stem epidermis and cortex: A, Oossypium brasiliense; D, Alyogyne hakeae- 
folia. B, C, Bj F, G. harknessU; B, Young stem showing primary permanent tissues; C, somewhat older 
stem sho wing origin of periderm; E, somewhat older stem than C, showing replacement of epidermis by 
periderm and early stage in stratification of phloem; F, stratified phloem in old stem. G and U, G. 
armourianum, xylem showing lysigenous cavities in rays: G, Cross section; j; tangentiai section. H, I, 
JY, and L, Gross sections of xylem showing differences in size and distribution of xylem elements within 
species: H and I, G. a/n'camm; isT and L, G. Airmfwm var. Acala. 
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zones are usually present in the cortex of stems of Gossypium^ but^ as 
shown in plate 7, A and B, they vary considerably in thickness and in 
the size and character of the cells composing them. Even greater 
variation in the characteristics of the three cortical zones is found in 
the Hibisceae. This may be seen by comparing the cortex of the stem 
of Alyogyne hakeaefolia (pi. 7, D\ with that of species of Gossypiwn. 
Oblate or spherical lysigenous cavities, similar to those described in the 
leaves, were present in the cortex of all species of Gossypinm examined. 
They occur in all three cortical zones, but are perhaps more common 
in the outer parenchymatous zone and the collenchymatous zone 
(A) than in the inner parenchymatous zone. This distribution of 
lysigenous cavities is in contrast to that of mucilage canals in related 
genera, which are reported {8) to occur in the outer parenchymatous 
zone only in the Eumalveae and are usually formed in the inner 
parenchymatous zone. 

In Gassy pium and related genera (pi. 7, Z>), pericyclic fibers are 
developed during the first year’s growth of the stem. They show 
some differences in diameter and thickness of cell wall in stems of 
different ages (B, ( 7 ), and perhaps among different species. They ad- 
join the phloem in groups of variable size (B, f7, E), 

PHLOEM AND XYLEM 

Moeller (27) and Solereder (43) have called attention to the charac- 
teristic shape of the phloem portion of vascular bundles in the Mal- 
vaceae. As shown in plate 6, M-O, the pliloem between the primary 
rays is considerably broader adjoining the cambium than at its outer 
edge, while in contrast the rays are broadened outward. Although 
Dumont (8) considered stratification of the phloem as one of the most 
characteristic features of the Malvaceae, he reported that this char- 
acteristic is obscure in the Hibisceae, and particularly so in the 
Gossypieae, because of the sparsity of phloem fibers, these being 
entirely absent in Oienfugosia (Fugosia).^ In the various species of 
Gassy pium examined, the phloem is distinctly stratified (pis. 6, M; 
7, E, F) in all but very young stems. The groups of fibers are, how- 
ever, more conspicuous in some specimens than in others. ^ The fairly 
common occurrence of oblate or spherical lysigenous cavities in the 
phloem rays of Gossypium has been noted by Stanford and Viehoever 
(45). According to Hawkins, Matlock, and Hobart (fS), phloem 
growth in Acala cotton was stimulated by increased soil moisture, but 
to a lesser extent than was the xylem. 

The xylem of the Hibisceae was described by Dumont (8) as very 
parenchymatous, with few but veiy large vessels. Webber’s (SO, 51, 
52) descriptions of malvaceoiis woods indicate much more structural 
diversity in the woods of this tribe. A difference in porosity or com- 
pactness of the wood of Old ‘World and New World cottons was 
reported by Zaitzev (5.4)* As shown in plate 7, H, J, if, i, woods of 
both Old World and New World cottons often show wide variation 

Sections of pith. X 60 . A, Br C, Cross sections of pith without lysigenous cavities or niiicilage canals: 
A, Gossypium permiarium; B, G. armouriunum; C, G. neglectum. B, E, G. kirkii^ showing variation 
In size and form of lysigenous cavities in pith: A Cross section; E and i*’, longitudinal sections. G 
and A Hibiscus bmckenridgei showing mucilage canals in pith: G, Cro.ss section; //, longitudinal section. 

I and J, Thespesia lampsy pith showing nearly spherical lysigenous cavities with dark contents and 
mucilage canals: J, Longitudinal section; J, cross section. K, Kokia dry narioUks, longitudinal section 
showing lysigenous cavities of different forms in pith, Z, Erioiylum arid urn, longitudinal section show- 
ing elongated lysigenous cavity in pith.. M md Shantzia garckeupa, longitudinal sections of i>ith; A/, 
Showing lysigenous cavity with dark contents; iV, showing mucilage canal. 
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in size of the xylem elements and abundance of vessels. Although 
Stanford and Viehoever (46) failed to find oblate or spherical lysige- 
nous cavities in the xylem of Gossypium, they were noted by Webber 
{S2) in the xylem rays of 0, mexicanum, G. morrilli, G. peruvianum, 
and 0, schottiL They are also of frequent occurrence in the xyleni 
rays of G, armourianum (G, J). As reported by Dumont (5), reddish- 
brown contents are often abundant in the ray cells and wood paren- 
chyma of the xylem of Gossypium. 

PITH 

The pith of Gossypium is entirely parenchymatous, lacking the 
stone cells and sclerenchyma fibers reported by Solereder (43) m 
characteristic of some Malvaceae. ^ Within a single species the cells 
vary considerably in size, wall thickness, and contents at different 
stages in their development. Comparable differences occur between 
mature pith cells of different species (pi. 8, A, B, G). The pith of 
Alyogyne hakeaefolia resembles that of Gossypium, and according to 
Mentovich (26) the pith is homogeneous in Hibiscus syriacus and 
H. sinensis. Although scattered cells with yellowish or brownish 
contents are common in all species of Gossypium, lysigenous cavities 
with brownish contents were observed within the genus only in the 
very aberrant G. kirkii (pi. 8, D, E, F). Similar cavities occur also 
in the pith of the related species Erioxylum aridum (L), Shantzia 
garckeana (M), Kokia drynarioides (K), and Thespesia lampas (I, J). 
Although the lysigenous cavities in the pith of G. kirkii and Erioxylum 
aridum are often spherical or nearly so (E), they are at times much 
more vertically elongate (F, L) than those observed elsewhere in the 
stems and leaves of Gossypium and related genera. Some of these 
elongate cavities might be regarded as short ducts or canals. They 
are, however, considerably shorter than most of the mucilage canals 
occurring in the pith of Lagunaria patersonii, Hibiscus brackenridgei 
(G, H)y Thespesia lampas (/, J), Kokia drynarioides, and Shantzia 
garckeana (N). According to Dumont (<S), who discussed the distribu- 
tion of mucilage canals in the Malvaceae, such ducts are abundant 
in the Eumalveae, Sideae, and Malopeae, bur comparatively rare in 
the Hibisceae. Within the latter tribe he observed them in Hibiscus 
splendens, FI. earner oni, smd H. palusiris, 

DISCUSSION 

A histological examination of the leaves and stems of Old World 
cottons (?i=13), American wild cottons (n=13), and New W^orld 
cultivated cottons (n=26), has shown that within each of these 
groups there is considerable variation in certain structural character- 
istics that have hitherto been suggested as valuable in distinguishing 
between Old World and New World cottons. It seems probable that 
some of the reports of distinctive characters for the diferent groups 
were based on superficial examination of specimens or on the exam- 
ination of too limited a collection of specimens to warrant the gener- 
alizations that were made. 

The type of pubescence has been suggested by Zaitzev (5'.^); who 
excludes the wild American cottons with 13 pairs of chromosomes 
from the genus Gossypium, 2b meMis of distinguishing between Old 
World and New World cottons. He listed among distinctive morpho- 
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logical characteristics of the two groups the universal absence in New 
World cottons of a /^two-layered pubescence, — i. e., pubescence of 
long and short hairs^' and the occasional presence of this character in 
Old World species. This distinction is very misleading since it is 
applicable only to macroscopic stellate hairs and simple hairs and not 
to minute capitate or glandular hairs, which appear to be present 
throughout the genus, even on leaves often described as entirely 
glabrous. When the presence of the short capitate hairs is considered, 
the pubescence of New World cottons is seen to be always two-layered 
and that of the Old World cottons sometimes three-layered. 

Aside from the nature of the pubescence, no epidermal character 
has been found that may be used to distinguished any of the^ main 
groups of Gossypium, Although there is considerable diversity in 
epidermal structure within the genus, none of the structural features, 
such as relative number of stomata on the upper and lower surfaces 
of the leaf, size and shape of stomata, level of the guard cells in rela- 
tion to that of ordinary epidermal cells, or relative size and shape of 
the ordinary epidermal cells on the upper and lower leaf surfaces, is 
of value in delimiting the main groups of species, as there is consider- 
able variation in each of these characteristics within every group. 

Although Magitt and Magi tt did not include American wild 

cottons in their study, they reported the distribution of palisade 
tissue as differing in the leaves of Old World and New World cottons. 
Nevertheless, species with bifacial leaves and with subcentric to 
centric leaf structure occur within each of the three groups. The 
distribution of palisade tissue in the leaves of American wild cottons 
is of particular interest in view of Skovsted^s { 42 ) report on the rela- 
tionships within the group. He considered i/noxyZum aridum, which 
he renamed Gossypium aridum, G, thurheri (20), G. armourianum, 
and G, harknessii to be more closely related to one another than 
to G. davidsonii and G. klotzschianum. While the mesophyll of 
G, armourianum resembles that of G, harknessii in having well- 
developed palisade tissue on both sides of the leaf, the mesophyll of 
G, thurheri and Erioxylum aridum, which are also natives of dry 
areas, resembles that of G. davidsonii and G. klotzschianum in having 
spongy parenchyma adjacent to the lower epidermis of the leaf. 

The shape of the stems in cross section is one of the characters 
enumerated by Zaitzev (5.^) as useful in distinguishing between Old 
World and New World cottons. He states that the cross section of 
the stem is circular in cottons of the Old World group, but oval or 
angular in New World cottons. This statement was evidently based 
on an examination of stems of different ages. As shown in plate 6, 
I-L, the stems of cottons belonging to both groups discussed by 
Zaitzev, and of American wild cottons as well, are angular, usiially 
pentagonal in cross section near their apices. As the stems grow 
older they lose their angularity. Cross sections of 1 -year-old and 
older stems are usually oval or nearly circular, and are often more 
nearly circular in New World than in Old World species. A ‘Square 
stem^Ms listed by Skovsted ifl) among the characteristics that dis- 
tinguish HrHi, the type of his genus Gossypioidesyimiii 

most of the species oi Gossypium. As shown in plate 6, X, very young 
stems of G. HrHi are star-shaped in cross section. As the stems grow 
older they become less noticeably ridged and nearly pentagonal in 
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cross-sectional outline. In view of the widespread occurrence of a 
similar shape in the sections of young stems of other species of Qos- 
sy'piunij the stem shape of 0. kirkii is less peculiar than Skovsted 
considered it to be. It should, however, be pointed out that the 
stems of G. kirkii retain their angularity longer than those of more 
t3^pical species of Gossypium. 

In view of the reported (4-3) epidermal origin of phellogen in most 
species of Hibiscus and the subepidermal origin of phellogen in Gos- 
sypium, determination of the place of origin of phellogen in G. kirkii 
might have some taxonomic bearing. Skovsted (41) has shown that 
this species in some respects resembles Hibiscus rather than Gossyp- 
ium. Unfortunately the origin of the phellogen cannot be determined 
in material of this species now available. 

Zaitzev (S4) considered the xylem structure of Old World and New 
World cottons as sufficiently distinct^ to be useful in distinguishing 
between the two groups. He described the wood of Old World 
cottons as “compact’’ and that of New World cottons as “porous.” 
This terminology is confusing in view of the technical terms used in 
describing wood (17). The woods of all species of Gossypium are 
“porous” in the sense that they have pores, i. e. vessels in cross section. 
Accordingly Zaitzev’s (64) descriptions of differences in porosity of 
the woods of different groups of Gossypium might be interpreted to 
refer to differences in the number of vessels only, but it seems probable 
that they refer instead to differences in texture, which is dependent 
on the size of wood elements. Eegardl ess of whether difference 
in vessel number or difference in size of various wood elements 
was meant by Zaitzev, his distinction between the woods of Old 
World and New World cottons is not valid. As shown in plate 7, 
H, J, K, X, the woods of both New World and Old World cottons are 
diffuse-porous, but the number of pores in a unit of area and the size 
of the various wood elements are often highly variable in the same 
stem. Hawkins, Matlock, and Hobart (13) have shown that the 
size of the wood elements and the thickness of their walls in Acala 
cotton (G. hirsutum) are influenced by available soil moisture. 

The presence and distribution in the Hibisceae of oblate or spherical 
lysigenous cavities filled with brownish contents was regarded by 
Lewton (23) as a valuable characteristic in classifying this group. It 
is therefore noteworthy that such cavities may occur in xylem rays, 
central parenchyma of petioles, and pith of stems,* in addition to the 
tissues in which their occurrence was reported by Stanford and Vie- 
hoever (46). In the pith of G. kirkii, in addition to the common 
oblate or spherical lysigenous cavities (pi. 8, E), various transitional 
forms to short, canallike cavities with dark contents occur (F). Both 
typical oblate or spherical cavities and typical mucilage canals occur 
in the pith oi Kokia, Shantzia, and Thespesia. Dumont’s (S) distinc- 
tion between Euhibisceae with mucilage canals and Gossypieae with 
spherical cavities is therefore invalid. 

The presence of lysigenous cavities in the pith of the stems and 
petioles of ft kirkii and their absence in all other species of Gossypium 
examined is of significance, since, for cytological reasons, the inclusion 
of this species in the genus Gossypium has been questioned 
This characteristic may therefore be considered as further grounds 
for excluding this species from the Gossypium. Since Skovsted 
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(fl) lias noted the resemblance of 0, kirkii to the Hibiscus sub tribe 
as well as to the Gossypium siibtribe, the presence in this species of 
both spherical lysigenoiis caAdties such as are common in Gossypium 
and elongated cavities approaching the form common in Hibiscus is 
of interest. 

Enoxylum aridum has been referred to the genus Gossypium on 
cytological grounds (41, 4^)- It should therefore be noted that 
lysigenoiis cavities such as occur in the pith of Erioxylum (pi. 8, L) 
are not characteristic of the pith of Gossypium, although they occur 
in other tissues in the latter genus. 

SUMMARY 

The descriptions of leaf and stem structure of Gossypium presented 
in this paper are based on a histological examination of the leaves and 
stems of 12 Old World species, 5 wild American species, 10 cultivated 
or semiwild American species, 2 doubtful species, and 9 species be- 
longing to related genera. 

There is more anatomical variation within each of these three 
groups, and less between the several groups, than previous descriptions 
indicated. 

Since the distribution of spherical or oblate lysigenous cavities has 
been thought to be of value in classifying the Hibisceae, their hitherto 
unreported occurrence in the xylem rays of G. armourianum and in 
the pith of G. kirkii, Erioxylum. aridum, Kokia drynarioides, Shantsia 
garckeana, and Thespesia lampas is significant. 

The presence of both spherical lysigenous cavities and elongate 
mucilage canals in the pith of Kokia, Thespesia, and Shantzia is of 
interest since the type of cavity present in either cortex or pith has 
been suggested as a means of distinguishing betw^een the subtribes 
Eubibisceae and Gossypieae of the tribe Hibisceae. 

The occurrence of spherical to elongate lysigenous cavities in the 
pith of G. kirkii may be considered as an additional reason for exclud- 
ing this species from the genus Gossypium, since no such cavities were 
observed in the pith of typical species of Gossypium. 

In regard to Skovsted's proposed inclusion of Erioxylum aridum in 
the genus Gossypium, it should be pointed out that this species differs 
from all typical species of that genus that were examined in having 
lysigenous cavities in its pith. 
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TWO MASTIGOSPORIUM LEAP SPOTS ON GRAMINEAE i 


By Roderick Sprague ^ 

Associate patkologistj Division of Cereal Crops and Diseases^ Bureau of Plant 
Industry^ United States Department of Agriculture 

INTRODUCTION 

The type species of the moniliaceous genus Mastigosporium Riess is 
M. album Riess (5, p. 56Y, which attacks a number of grasses in Wales^ 
France, central Europe, the Union of Soviet Socialist Republics, and 
Scandinavia (5, 10, 11, 15), The fungus is distinguished by the pres- 
ence of one to several tentaclelike appendages extending from the 
awl-shaped distal end of its hyaline, elliptical, three- (three-to-five) 
septate conidia (figs. 1, J-0, and 2). 

The writer recognized a second species of Mastigosporium, which has 
nonappendaged conidia (fig. 1, a-i). The fungus, ilf. calvum (Ellis and 
Davis) comb, nov., occurs in Germany {5), France (f^, p. 254), 
England (16, p, 23S), Wales, Russia (i), Ontario, Canada, and in 
Wisconsin {S, p. 98), Montana {4, P- 361), and Oregon.^ 

Most of the present study deals with Mastigosporium calvum, as it 
is conveniently abundant in western Oregon. M. album apparently 
has not been found in North America. 

. DISTRIBUTION AND ECOLOGY OF MASTIGOSPORIUM CALVUM 
IN THE WESTERN UNITED STATES 

The disease caused by Mastigosporium calvum is the most important 
malady of orchard grass (Dactylis glomerata L.) in portions of western 
Oregon. It is common in the northern end of the Willamette Valley 
from Benton County north to at least the Columbia River and east 
through the Columbia Gorge into Hood River Count3^ It is preva- 
lent on orchard grass in the coast region from Astoria, south to Lane 
County, which is as far south as observations were made. In com- 
mercial fields of seed grass in Clatsop County the disease is prevalent 
on redtop (Agrostis alba L.). In 1937 it was also very abundant on 
the locally more important Astoria colonial bent (A, tenuis Sibth.) in 
Clatsop and Tillamook Counties. Scattering infection occurs on 
creeping bent {A, palustris Huds.) in commercial bentgrass seed fields 
in Clatsop County and is common in pastures in Lincoln County. 

The apparent susceptibility of a number of grasses is shown in table 
1. These data were compiled from rod-row plots at Astoria, Oreg. 
All the grasses were the same age and were growing side by side in the 

1 Eeceived for publication February 4, 1938; issued August 1938. Cooperative investigations by the l>i vi- 
sion of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and the 
Oregon and Washington Agricultural Experiment Stations. Published as Technical Paper No. 270 of the 
Oregon Agricultural Experiment Station. 

2 The writer is indebted to A. G, Johnson and John A, Stevenson for more than routine aid in locating 
material and literature; to A. G. Johnson for a critical revision of the manuscript; and to John H. Martin 
for translating Bondarzeva-Monteverde’s article from the original Russian. 

3 Italic numbers in parentheses refer to Literature Cited, p. 299. 

« Sprague, R. a preliminary check list of the parasitic fungi on cereals and other grasses in 
OREGON. TJ. S, Bur. Plant Indus., Plant Disease Rptr. 19: 136-186, 1935. [Mimeographed.] 
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Figure 1. — Conidia of Mastigosporium calvum, A~I; M. album, J-0; and Septogloeum athrix, P. From 
following sources: A, On Agrostis alba, Astoria, Oreg., Oregon 10386; B, on A. palustris, Big Elk Creek, 
Lincoln County, Oreg., Oregon 8246; C7, onA. palustris, Alsea Valley, Oreg., Oregon 10308; D, on A. 
tenuis vax., Astoria, Oreg., Oregon 10585; JEJ, on Calamagrostis canadensis, Ontario, Canada, Univ. Toronto, 
Crypt. Herb., 1292; F, on <7. canadensis, State Line, Wis., 1903, Univ. ■Wis., J. J. Davis Herb.; G, on 
C. canadensis var. scabra. Glacier Park, Mont., type of Fusoma rubricosa. Fungi Columb., 5019; FT, on 
C. epigeios, Germany, Sydow, Myc. Ger., 640; 1, on JDactylis glomerata, Germany, Krieger, Fungi Sax., 
792; J, on Alopecurus pratensis, Germany, Sydow, Myc. Ger., 542; JT, on Alopecurus pratensis, Germany, 
Erieger, Fungi, Sax., 790A; L, on A. pratensis, ^ Germany, Krieger, Fungi Sax., 790B; M, on A. pratensis, 
Bohemia, Kabdt and Bubik, Fungi Imp. Exs., 386; N, on A. pratensis, Russia, Buchholz et Bondarzew, 
Fungi Ross. Exs,, Ser. A, 197; 0, on Peschampsia caespitosa,^ Germany, De Thumen, Myc. Univ., 1872; 
P, on CateTWttiirosjtis sp., Sweden, Eriksson, Fungi Par. Scand., 394, All X 667 


1 This collection has a number of conidia with very robust appendages that have all the appearances of 
germ tubes. 

2 This collection has spores badly plasmolyzed. 
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rows. Infection was heavy in 1937. On redtop, for example^ nearly 
100 percent of the leaves had at least one spot and most of them had 
several. The same relative susceptibility had been noted in 1936. 

In Benton, Linn, Polk, Marion, Clackamas, Multnomah, and 
Lincoln Counties, Oreg., the fungus recurs annually on the same 



plants of orchard grass. The disease very largely disappears during 
the summer, but after rains start in the autumn it appears again 
following periods of growing weather. The disease has been most 
evident during February, March, and April. In the very humid 
coastal counties of Lincoln, Tillamook, and Clatsop the disease has 
continued to develop later in the spring than elsewhere, the lateness 
of development depending largely on the seasonal prevalence of rains. 
The fungus is evidently soon checked by low humidity. 
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Table l.—Belative susceptibility to Mastigosporium calvum of certain grasses 
grown under humid field conditions in the plots at the John Jacob Astor Experiment 
Station, Astoria, Or eg., as indicated by observations made May 12, 1987 


Host 

Relative susceptibility 

Teclinical name 

Common name 


Redtop 

Completely susceptible. 
Susceptible. 

Do. 

Moderately susceptible. 

Very susceptible. 

Susceptible to very susceptible. 
Do. 

Slightly resistant. 

Apparently immune. 

Do. 

Susceptible. 

Apparently immune. 

Do. 


Velvet bent. 


Creeping bent 


do. A - 

A. Sibth 

A. tenuis Sibth 

A. tenuis - 

A ^ Dp.rticAIJ.atfi. ’VW} . _ __ _ _ 

Astoria colonial bent 

Rhode Island colonial bent 

Highland colonial bent 

Water bent 

A loppcMrii.s T ^ 

Meadow foxtail _ 

Arrhemtherum elatius (L.) Mert. 
and Xoch. 

Dactylis glom&rata L__ __ 

Tall oatgrass.. 

Orchard grass. 

Lolium perenne L 

Phlenm pratfiMne L 

Perennial ryegrass 

Timothy 




Fusoma rubricosa Dearn. and Barth., which, as shown later, is the 
same fungus as Mastigosporium calvum^ was collected on Calama- 
grostis scabra Presl from Glacier National Park, Mont., in August 
1915 (-4). The host, which is now generally known as C. canadensis 
var. scabra (Presl) Hitchc., is a plant of subalpine and alpine areas 
in the northern United States and Canada. It is interesting to note 
that Frank {5) found a muticate form of M. album on Mopecurus 
pratensis on the highest parts of the Erzgebirge of Saxony, Germany. 
In commenting on this, Lindau (10) wondered whether the muticate 
spores were due to the altitude or to a species difference. It is noted 
in Oregon that most of the collections of M. calvum have been made 
at elevations between 0 and 4G0 feet above sea level. Whether or 
not M. calvum occurs on alpine and subalpine grasses in Oregon has 
not been determined. 


SYMPTOMS CAUSED BY MASTIGOSPORIUM CALVUM 

SYMPTOMS ON DACTYLIS GLOMERATA 

The disease caused by Mastigosporium calvum on Dactylis glomerata 
is first visible as small, dark, purple-brown flecks on the leaves. 
Some of these enlarge, becoming elliptical in outline, with ashy-gray 
to fawn-color centers. The lesions measure 1 to 8 mm in length and 
are somewhat restricted by the parallel veins of the leaf (fig. 3). 
Where the fungus is able to make rapid headway or where secondary 
infection from spores occurs^ the lesions may be larger, somewhat 
mottled, and with less definite borders. These larger lesions show 
various shades of gray, ashy, or light-fawn color, with more or less 
definite purple, red, or ocher borders. Any or all leaves of a plant 
may be attacked, as the fungus is an active parasite and may practically 
defoliate the orchard grass plants. 

The ^presence of long, dead striae, with black dots of conidiophore 
tufts, is indicative of the presence of the streak disease caused by 
Scolecotrichum grarninis Fckl., which is frequently associated with the 
naastigosporium disease in Oregon. The symptoms of the streak 
disease, which are well described by Horsfall (7), are sometimes 
confusable with those of the mastigosporium leaf spot. The purple 
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flecldiig mentioned for tlie latter is sometimes duplicated in early 
stages of the streak disease. Usually, however, . Mastigosporium 
calvum causes a more abundant development of pigments than does S. 
grammis, and, furthermore, the latter produces longer lesions, usually 
with rather conspicuous black tufts of conidiophores. 

SYMPTOMS ON AGROSTIS SPECIES 

The ^ symptoms produced by Mastigosporium calmm on Agrostis 
spp. differ from those on orchard grass in the tendency to form 
broader, elliptical, light-brown le- 
sions with light-fawn centers. The 
lesions are often of an eyespot or 
frogeye type on account of a broad 
red or red and yellow margin. On 
redtop the lesions were sufficiently 
numerous to destroy most of the 
leaves of plants in certain fields near 
Astoria in 1936 andl937. On Astoria 
colonial bent the spots averaged from 
one to six per leaf with a tendency to 
develop at the tips or where moisture 
collected at the base of the leaf blades. 

In 1937 colonial bent was heavily 
infected during April and May in 
Clatsop and Tillamook Counties. 

SYMPTOMS ON CALAMAGROSTIS SPECIES 

On species of OalamagrostiSj Mas- 
tigosporium calvum produces small 
brown flecks, 1 to 3 mm in diameter, 
with vexy small gray centers. The 
entire lesion is sometimes surrounded 
by larger areas of fawn- or pale buff- 
colored tissue. Specimens from Mon- 
tana showed extensively coalesced, figure 3.— Leaves of attacked 

mottled lesions. ^^Mastigospomm calmm, Corvallis, Oreg. 

SYMPTOMS CAUSED BY MASTIGOSPOEIUM ALBUM IN EUROPE 

While field comparisons have not been made, it is doubtful whether 
Mastigosporium calvum and M. album can be readily distinguished 
in the field except possibly by hosts. M. album is the more common, 
in exsiccati at least, on Alopecurus pratensis and Deschampsia caespi- 
tosa (L.) Beauv., while M. caluum prefers Dactylis glomerata^ Agrostis ^ 
spp., and Oalamagrostis spp. Lindau (f 0), however, lists a number of 
hosts other than these for M. album. Since he has not distinguished 
entirely between the muticate and nonmuticate collections, and 
since these collections are not available to the writer, it is not possible 
to give a more extensive host range. Lindau lists, in addition to 
the ones cited, Brachypodium sylvaticum (Hiids.) Beauv., Molinia 
caerulea (L.) Moench, Arena elatior L., Briza media L., Glyceria fluitans 
(L.) R. Br., Holcus lanatus Jj.f H. mollis h., Pkleum pratense L., Poa 
trivialis L., md Trisetum flaveseens (Jj.yBemv^ 



292 


Journal 0 / Agricultural Research 


Vol- S 7, No. 4 

The following notes on symptoms are based on an examination of 
exsiccati and a study of the brief reports in literature. 

SYMPTOMS ON ALOPECURUS PRATENSIS 

On Alopecurus pratensis there usually are numerous small elliptical 
purple-brown to dark-brown flecks which later enlarge and develop 
white to ashy-gray centers. The coloration on A. pratensis is deeper 
than for most collections of Mastigosporium calvum on Dactylis 
glomerata, but this probably is attributable as much to host reaction 
as to differences in the two fungi. 

SYMPTOMS ON DESCHAMPSIA CAESPITOSA 

On Deschampsia caespitosa (Aira caespitosa L.) the symptoms are 
very similar to those on Alopecurus pratensis except that the spots 
on the former grass seem to be slightly less deeply pigmented than 
those on the latter, as indicated by the specimens in De Thiimen, 
Myc. Univ., 1872. 

PUKE-CULTUKE STUDIES 

MASTIGOSPORIUM CALVUM FROM DACTYLIS GLOMERATA 

Pure cultures of Mastigosporium calvum were obtained from spores 
washed from leaves of orchard grass collected at Corvallis, Oreg. 
The fungus, which grows relatively slowly on potato-dextrose agar, 
produces a leathery, somewhat folded and mounded colony which 
becomes pebbly or roughened by the formation of small, partially 
embedded, stromatic or sclerotic mycelia that resemble pycnidia. 
Brief descriptions of the development of the fungus during the first 
month after transfer of diseased host tissue to four kinds of nutrient 
media are given in table 2. 


Table 2. — Development of mycelia of Mastigosporium calvum on four hinds of 
nutrient agar at 35° to 40^ F. in total darkness 


Agar culture medium 

Color of— ' j 

1 Description of colony 

i ' ■ 

Substratum 

Aerial mycelia 

Difco corn decoction 

Mix's synthetic 

Yellow 

White- 

Straw, later yellow 

Whito 

Stellate-margined, leathery wrinkled 
colonies, partially submerged. 

Flat, thin, spreading colonies. 

Leathery, pebbly mounded, wrinkled 
colonies. 

Less mounding, margins more stellate. 

Difco potato dextrose. ~_ 

Difco prune 

Pale umber - 

Tan to fawn . . 

Pale cocoa— 

Pale eopoatn fawn 




Normal-appearing conidia were produced in moderate quantities 
on tlie surface of the colonies on potato-dextrose agar after incubation 
for several weeks in the ice box at 35° to 40° F. After growing 
several months at this temperature the colonies finally became orange 
brown and the sclerotia increased in number, frequently forming rings 
in the substratum around the original point of transfer. 

MASTIGOSPORIUM CALVUM FROM AGROSTIS SPECIES 

Pure cultures of Mastigosporium calvum were isolated from Agrostis 
alba, A. canina, and A. tenuis collected at Astoria, Oreg. 

MASTIGOSPORIUM CALVUM FROM ALOPECURUS 

A culture of Mastigosporium album from Alopecurus pratensis, 
kindly forwarded by Kathleen Sampson from Aberystwyth, Wales, 
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liad tlie same general yellow-brown color of M. calvum but produced 
masses of conidia in glistening orange-brown mounds on the surface 
of the colony. After transfer to potato-dextrose agar the sporulation 
continued but was at first putty-colored, later darker. The conidia 
were typically navicular, three- to five-septate, and bore the charac- 
teristic appendages at the apex. The fact that this fungus continues 
to produce typical conidia in culture that do not revert to the muti- 
cate type is additional strong evidence that the muticate and ciliated 
species are distinct. 

DILOPHOSPORA ALOPECURI PROM HOLCUS LANATUS 

Since Eainio (11) has strongly contended that Mastigosporinm 
album is an early stage of Dilophospora alopecuri (Fries) Fries, the 
writer isolated cultures of the latter fungus from Holcus lanatus from 
Oregon. This fungus grew very slowly, and germinating spores re- 
quired nearly 8 weeks to produce macroscopically visible colonies 
when incubated at 38° F. After 6 months the colon;^ covered the 
surface of test-tube slants with a mounded, felty, olive and gray 
growth, which was covered with guttulae. These cultures, therefore, 
differed distinctly from those of M. calmm. 


INOCULATION STUDIES 

Water suspensions of viable conidia of Mastigosporium calvum taken 
from naturally infected plants in the field were sprayed with an atom- 
izer on pot-grown, healthy grasses in the greenhouse at Corvallis. 
The inoculated plants, together with adequate checks, were incubated 
in a moist chamber for 1 week. The first series, conducted in January 
1934, and a second series, conducted the following month, produced a 
light infection on orchard grass only. Another more extensive series 
of inoculations was conducted in May 1937 with M. album from Wales 
and with spore washings of M. calmm^ both from Dactylis glomerata 
and Agrostis alba. The results are shown in table 3. 

Table 3. — Results of inoculating grasses in the greenhouse with spore suspensions of 
Mastigosporium album and M. calvum 


Host 


Inoculated 
with M. album 
from 

Alopecurus 
pratensis, 
May 1, 1937 


Inoculated with M. calvum from— 


Dactylis glomerata 


January 1934 


February 1934 


May 1937 


Agrostis alba^ 
May 1937 


Leaves 

in- 

fected 


Leaves 
not in- 
fected 


Leaves 

in- 

fected 


Leaves 
not in- 
fected 


Leaves 

in- 

fected 


Leaves 
not in- 
fected 


Leaves 

in- 

fected 


Leaves 
not in- 
fected 


Leaves 

in- 

fected 


Leaves 
not in- 
fected 


Agrostis palustris Huds- 

A. tenuis Sibtln,: 

Alopecurus pratensis h- 

Avena saliva L_.___.^ 

Brachypodium pinmtum (L.) 

Beauv 

Bromus rigidus Roth 

Dactylis glomerata L... 

Deschampsia caespitosa (L.) 

Beauv„ 

Festuca elatior L 

F, rubra L-._-_ 

Holcus lanatus 

Lolium perenne L_ 

Phleum pratense L_ _ 

Poa pratensis L--.— - 

Triticum aestivum L.«__„ 


Num- 

ber 

0 

0 

38 


Num- 

ber 

190 

175 

46 


Num- 

ber 


Num- 

ber 


Num- 

ber 


Num- 

ber 


Num- 

ber 

0 

0 

0 

0 


30 

15 

205 

227 

150 


206 


Num- 

ber 

400 

215 

80 

90 


Num- 

ber 

10 

78 

0 

0 


Num- 

ber 


65 

240 

98 


0 


0 

10 


120 

290 


165 


0 190 


88 0 
100 0 


85 

25 


155 

180 
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It will be noted that Alastigosporium album from Alopecurus praten- 
sis attaeketl that host, Brachy podium pinnatum, and Deschampsia 
cacupitosa; M. calvtm from Dactylis glomerata attacked only that host, 
aml this fungus from Agrostis alba attacked A. palustris, A. tenuis, 
and D. glomerata. 

While further inoculations are needed, the present results indicate 
(1) that Mastigosporium album and M. cahum differ in host range as 
well as in morphology, and (2) that there are distinct physiologic races 
in M. calmm. 


MORPHOLOGY OP MASTIGOSPORIUM CALVUM 


In pure cultures of Mastigosporium calmm the conidia are produced 
on the tips of hyphae (fig. 4). The distal portions of the conidia, fol- 



Figure 4.— Stages in the development of conidia of Mastigosporium calvum in pure culture on potato- 
dextrose agar at 40° F. X 1,075. (Diagramed from photomicrographs.) 

lowing the constriction at the base of the conidiophore, develop 
faster than the basal portions. In the young conidium there are two 
nuclei which divide and form four cells in the mature spore. The 
four-celled condition is typical and is remarkably uniform. Sometimes 
spores with only two cross walls are found, but these are immature 
spores with the basal portions incompletely developed. 

On the host the development of the conidia (fig. 5) is approximately 
the same as on media. The spores are borne on short conidiophores 
which emerge directly from the leaf tissue, usually between the epider- 
mal cells or through stomata. Stromatic development is moderate 
to slight, the fungus developing between the epidermal cells or in the 
cells. 

Conidia usually are produced in relatively moderate numbers, and 
if the lesions are small and immature, few if any spores develop. On 
sonie of the bentgrasses larger numbers of spores were found, but the 
conidia do not occur in masses as in Fmarium ov Septogloeum. The 
conidia, in addition, are somewhat brittle, and one or more cells may 
collapse, particularly under desiccation. As indicated from germina- 
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tion trials, the conidia apparently are fitted for quick gerniination and 
are relatively short-lived. They germinate from the apical end, pro- 
ducing one or two stout germ tubes which soon branch repeatedly. 

The appendages or cilia that occur on conidia of the type material 
of Mastigosporium alburn^ and which are characteristic of the genus 
on a majority of the reported collections from Europe, are apical or 
subapical, hyaline, tentaclelike protuberances (fig. 1 , J- 0 ). They re- 
semble, except that they are considerably narrower, the mycelia from 
germinating conidia of M. calvum seen on potato-dextrose agar at 
Corvallis. Since, however, 
their position, shape, and 
length are fairly constant, 
they appear to be normal 
outgrowths formed as^ the 
result of some physiologic re- 
action which is not under- 
stood at present. They are 
believed to represent further 
development of the apical 
portions of the conidia and 
probably are morphologically 
aldn to arrested germ tubes. 

Saccardo was uncertain about 
their nature, as indicated 
from his remarks {IJj.). 

TAXONOMY 

The appendaged Mastigo- 
sporium album and the non- 
append aged M. calvum are 
distinct species if the present 
criteria for segregating spe- 
cies of fungi are logical. 

The two fungi are distinct 
because — 

(1) The spores of M. album 
often have four cross walls, some- 
times five; those of ilf, calvum 
have never more than three. 

(2) The spores of M. album have appendages; those of M. calvum have not, 

(3) The spores of M, album usually are longer and sometimes narrower than 
those of ikf. calvum. 

(4) The two fungi maintain their respective characteristics in artificial culture 
on nutrient media. 

(5) The host range of each fungus is fairly distinct. 

A study of fresh material sent from Wales by Kathleen Sampson 
shows that the two fungi are, however, closely related. Both have 
coarse mycelia, which produce short, thick conidiophores. In their 
early stages the fungi appear almost identical, and until the tip of 
Mastigosporium album starts to elongate they appear to be the same 
species. M. album, however, grows from the apical end, producing 
the awl-shaped cell which frequently develops one or two cross walls 
in addition to the usual three cross walls in the main body of the spore. 
The apical cell then continues to elongate into the characteristic 
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appendage, wMcIi may become once, or more, forked. Additional 
appendages are sometimes formed from the side of the apical cell or 
cells. There is no question in the writer's mind that both fungi 
belong in the same genus and have arisen apparently from the same 
oiiginai species. The writer has considered the hypothesis that on 
certain hosts If. produces appendages and on others not, and that 

this is a reaction to the host. From comparison with pure cultures 
this hypothesis appears unlikely. Therefore he proposes making 
two species in the genus Mastigosporium, 

The genus Mastigosporium needs some revision to conform to the 
fungi included. It belongs in^ subsection ^ Micromereae of section 
Hyalophragmeae of the Moniliaceae. This group includes among 
others Fusoma Corda and Amastigosporium Bond.-Mont. Fusoma 
has a very vague status as a fungus, with fusiform septate spores 
borne on scanty myceha. Neither of the species of Mastigosporium 
appears to belong in Fusoma^ although F. rubricosa, which is a syn- 
onym of M. calvum^ has been described (4). 

Amastigosporium graminicolum Bond.-Mont. {1) is the same as 
M. calvum, Amastigis graminicola Bond.-Mont. appears to be a 
simplified spelling of Amastigosporium attributed to Clements in 
Clements and Shear (£). 

Mastigosporium is emended as follows: 

Mastigosporium Riess (Emended). 

Syn.: Monoihecium Lih An herb. Q,iid Amastigosporium (Amastigis) Bond.-Mont. 

Mycelia in plants, epidermal and subepidermal, endophytic or somewhat 
ectophytic, septate, coarse, branched, hyaline; conidiophores, brief single or in 
small groups, short stipitate, continuous; conidia hyaline elliptical, large, navicular 
to subulate, formed by expansion of the hyphal tips, three-to-five septate, apical 
cells of conidia rounded and muticate, or awl-shaped and appendaged with simple 
or forked usually aseptate filiform appendages. 

Included species, Mastigosporium album Riess (appendaged) and M, calvum 
(Ellis and Davis) comb. nov. (nonappendaged). Excluded, M. lupini (Sor.) (jav. 

^ Mastigosporium lupini is excluded solely because of its pigmenta- 
tion. Its manner of producing spores is remarkably like that of 
M. album and M. calmm. 

Because it is virtually impossible to locate Mastigosporium calvum 
by use of present keys, it is suggested that future analytical keys to 
genera of fungi take cognizance of both the appendaged and non- 
appendaged species of Mastigosporium, 

The data on spore size for available collections are presented in 
table 4. Apparently the two species are the same size until the 
elongation of the tip of Mastigosporium album starts. Most collec- 
tions of the latter therefore average longer in mature spores than 
M, calvum. 

In comparing the relatively fresh material from Wales with older 
exsiccati it appears that Mastigosporium album shrinks considerably 
after prolonged desiccation. The difference in width of the spores of 
the two species does not appear to be as great as indicated in table 4. 

Mastigosporium^ calvum occurs on Dactylis glomerataj Galamagrostis 
spp., and spp. ^ Jaap (<?) and Frank (J) report muticate 

spores of a Mastigosporium on Alopecurus prat ensis which may be 
M. calvum. The fungus has not been found on A. pratensis in Oregon, 
although M. caZmm occui's on Dactylis within short distances of small 
plots of A. pratensis on the experiment station farms at Corvallis 
and Astoria (table I). 


CiliatioD, 

verified by Ap- 

i?ungus Host Exsiceati, authority, or literature cita- exaniina* Geographic location Size of conidia pend- 

tion tion of ex- ages 
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Tiie earliest, althoiigli brief, description of Masiigosporium calmni 
appears to be that of M. album var. calmm Ellis and Davis {S). The 
combination M. calvum (Ellis and Davis) comb. nov. is proposed and 
the following synonymy listed: 

Mastlgosporiam calvum (Ellis and Davis) comb. nov. 

Syii. : M. album var. calvum Ellis and Davis, 1903. 

M. album var. muticum Sacc., 1911. 

Fusoma rubricosa Dearn. and Barth., 1917. 

Aniastigosporiuni graminicola Bond.-Mont., 1921. 

Amastigis graininicola Bond.-Mont. (Clements), 1931. 

Excluded, M. album var. athrix Eriks. 

WoHemveber proposed Bactridium triseptatum (Sacc.) Wr. in his 
illustrated card index (17).^ His illustration 457 is based on Jaap's 
Fungi Eel. Exs. 494 and is typical for Mastigosporium calvum on 
Calamagrostis, His illustration 458, however, shows a typical species 
of Bactridium (B. gymnosporangii (Jaap) Wr.) that has distinct, 
somewhat elongated conidiophores arising from a small but definite 
sporodochial pad. M. calvum can scarcely be placed under Bactridium, 
To have placed this fungus under the combination B, triseptatum^ 
Wollenweber must have seen the type of Fusoma triseptatum Sacc. 
If this material were M, calvu7n, Saccardo may have fallen into a trap, 
because his description and his illustration {12) and those of the 
apparently identical species F, hiseptatum Sacc. {13^ p. 69) are appar- 
ently those of a very much smaller-spored fungus referable to Septo- 
gloeum oxysporum Bomm., Eouss.,^ and Sacc. Saccardo names his 
fungus F. triseptatum and then lists it as two-septate, while M, calvum 
is triseptate. His later description of F, hiseptatum is singularly like 
his earlier one of F, triseptatum. It is possible that both M, calvum 
and S, oxysporum occur in the type of F, triseptatum. However, the 
published description is the final criterion; and M, calvum cannot 
possibly be referred to F, triseptatum. 

Mastigosporium album var. athrix Eriks, is a Septogloeum and should 
be known as S. athrix (Eriks.) comb. nov. (fig. 1, P), It is highly 
probable that it may be the same as S. oxysporum. 

The writer has found no evidence that Mastigosporium calvum is 
connected with Dilophospora alopecuri. In Oregon material of D. 
alopecuri on Holcus lanatus, it certainly does not appear to be con- 
nected with M. album, M. album has not been found in Oregon, and 
Miss Sampson's pure culture of it appears to be entirely different 
from a pure culture of the race of D, alopecuri on H, lanatus, 

SUMMARY 

Mastigosporium calvum (Ellis and Davis) comb. nov. causes a purple 
flecking and a leaf spot on Dactylis glomerata and an eyespot on the 
leaves of several species of Agrostis in northwestern Oregon. The 
fungus is a destructive parasite on these grasses during mild, rainy 
weather in winter and spring. It occurs on Calamagrostis spp. in 
Wisconsin. It also occurs on these grasses in Europe. It has been 
considered a variety of M, album Bioss, which differs from it in having 
hyaline apical appendages, whereas M, calvum is muticate. M, 
album y which, is common on Alopecurus pratensis snidi Deschampsia 
caespitosa in Europe, has not been reported from North iunerica. 
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The genus Mastigosporium is emended to include elliptical, three- 
to five-septate, hyaline conidia borne on short, stipitate conidiophores. 
The apex of the conidia may have appendages (M. album) or may not 
have appendages (M. calvum). 

No evidence was obtained that Mastigosporium album Eiess is 
related to Dilophospora alopecuri (Fries) Fries. 

Mastigosporium album var. athrix Eriks, is assigned to Septogloeum 
athriz (Eriks.) comb, nov., and its possible relation to S. oxysporum 
is mentioned. 
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PRELIMINARY BIOCHEMICAL STUDIES ON EFFECTS OF 
CERTAIN ENVIRONMENTAL FACTORS ON DEVELOP- 
MENT AND COMPOSITION OF THE PEANUT^ 

By Samuel L. Jodidi ^ 

Physiologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plafii 
Industry, United States Department of Agriculture 

INTRODUCTION 

The peanut (Arachis hypogaea L.) is one of the important crops 
grown in the southern part of the United States. About 2,000,000 
acres of land are devoted to the crop in this country, producing about 
a million tons of unshelled® peanuts annually (16, p. 572)^ In 
times of normal prices, the annual crop has a farm value of about 
$25,000,000. ^ 

The plant is of relatively great importance as a cash crop grown 
for the manufacture of oil, peanut butter, confectionery, salted pea- 
nuts, and stock feeds, and it is extensively grown for stock feeding 
on the farm (2, p- 26; 17, p. 7), Despite its importance, the peanut 
has had comparatively little careful study from the biochemical stand- 
point, except with reference to the properties of its oil and certain 
proteins. There are numerous growth and production problems that 
have important relationships not only to yields of unshelled peanuts 
per acre but also to filling of pods, quality of kernels, and adaptation 
of different types and varieties to specific regions or other conditions 
of culture. 

Prior to the completion of the original draft of this paper the 
author found no literature on the physiological and biochemical be- 
havior of the peanut with reference to the normal or desirable and 
abnormal or undesirable results often obtained under field conditions. 
Since then a report of studies of nutritional levels in the peanut plant 
by Moore (11) has appeared. Moore, working at Chicago, 111., grew 
peanut plants in the greenhouse, in pots of quartz sand, with a series 
of nutrient solutions designed to produce wide differences in vegeta- 
tive and reproductive behavior. Different fractions of the plants 
and fruits were analyzed for various forms of carbohydrate and nitrog- 
enous substances. In^ general, the nutritional conditions resulted 
in unfruitfulness, offering no, basis for comparison with the present 
studies. However, one comparison of high versus very low nitrogen 
supply showed for both shells and seeds a lower total sugar, lower 
total carbohydrate, and higher total nitrogen content. Data on plant 
size and yields and character of fruits were lacking, precluding com- 
parisons with results of the present paper. 

1 Beceived for publication November 29, 1937; issued August 1938. 

2 The peanut samples were obtained from certain variety and fertilizer plots of the Virginia Agricultural 
Experiment Substation at Holland, Va., through the courtesy of that institution. Samples 5 and 6 were 
obtained from the plots of a preliminary spraying investigation being conducted cooperatively by the 
Virginia Agricultural Experiment Station and the Bureau of Entomology and Plant Quarantine, XJ. S. 
Department of Agriculture, in which workers in the Division of Eruit and Vegetable Crops and Diseases 
are cooperating informally. The author acknowledges the kindness of these workers in making this ma- 
terial available. 

3 The word ‘'unshelled” refers to peanuts in the shell throughout this paper. 

■* Italic numbers in parentheses refer to Literature Cited, p. 310. 
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Tke large-seeded Virginia type of peanut is apparently adapted to a 
very restricted range, which comprises an area about 50 to 60 miles 
in radius in southeastern Virginia and northeastern North Carolina 
and a smaller district in central Tennessee. The Spanish type of 
peanut, on the other hand, is generally well established throughout 
the southeastern quarter of the United States. The reasons for these 
very marked differences in adaptability are not at all understood. 

A common cause of low yields of cleaned unshelled peanuts per acre 
and of low ratios of shelled to unshelled peanuts is the formation of 
many pods that contain poorly developed or quite undeveloped seeds. 
Varieties are Imown to differ in the extent to which they show this 
trouble, and the same variety may show widely differing degrees of it 
in various fields, years, or regions. It is not known to what extent 
light, temperature, moisture, mineral nutrients, soil texture, or cul- 
tural methods, either alone or together in various combinations, affect 
the development of plants and fruits in the regions where the crop is 
commonly grown. 

The average yields and the efficiency of crop production in general 
are so far below the apparent possibilities that there is a pressing need 
for exhaustive fundamental studies of the plant in all stages of develop- 
ment and from numerous points of view — anatomical, morphological, 
and genetic, as well as biochemical and biophysical. 

Certain cultural studies and seed-stock-improvement work on 
peanuts have been in progress for several years in the United States 
Department of Agriculture and have yielded results of definite value, 
and recently the Division of Fruit and Vegetable Crops and Diseases 
of the Bureau of Plant Industry has initiated studies of a more tech- 
nical nature designed to solve some of these more fundamental 
problems. 

The present paper reports the results of chemical examination of 
kernels and shells from six preliminary lots of peanut plants, which 
varied markedly in yield and appearance and which grew on soils of 
different texture or received different fertilizer or other chemical 
treatment. The object of this preliminary examination was to 
determine whether markedly different development and yield re- 
sponses were accompanied by marked and easily determinable differ- 
ences in physiological condition as revealed by estimation of certain 
chemical constituents of the fruits. These studies will be extended to 
othp portions of the plant, and samples will be studied from a wide 
variety of natural field and controlled experimental conditions. 

MATEEIAL AND METHODS 

EXPERIMENTAL PLOTS 

The data concerning the fertilizer treatments of the experimental 
plots at Holland, Va., the peanut strains grown, etc., can readily be 
seen by reference to table 1, which shows that the yields varied 
markedly between varieties and treatments, but the yields per plant 
shown cannot be taken as typical of the response of entire plots re- 
ceiving the respective treatments. In some instances the samples 
were selected froro. spots in the large plots in order to obtain varying 
degrees of plant size and vigor, regardless of the behavior of the plot 
as a whole, or to examine varietal differences. Nevertheless, the 
treatments of the various plots are presented as being of some interest. 
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The apparent influence of bordeaux mixture treatment on the yield is 
interesting. The Jumbo Virginia Runner of plot 5, which receivedy 
in addition to 1 ton of lime, three bordeaux mixture applications, gave 
173.1 g of peanuts per plant as compared with 94.5 g for plot 6, which 
received the same amount of lime but no bordeaux mixture treatment. 
It seems reasonable to attribute the difference in part to the stimu- 
lating effect of copper, as shown by the considerably more vigorous 
growth and deeper green color of the plants in plot 5 as compared with 
those in plot 6. 

Table 1 . — Type of soilj treatment^ peanut varieties groivny and yields ohtamed from 

the various plots, 19S4 


Plot No. ! 

Type of soil 

Treatment ’ 

Variety 

Plants taken for 
analysis 

Average weight of 
unshelled pea- 
nuts per plant 

Mean weight of 
peanuts per pod 

Relative weight of 
shelled peanuts 





Num- 

ber 

Grams 

Grams 

Per- 

cent 

1 

Onslow fine sandy 
loam of lighter tex- 
ture. 

300 pounds of gypsum applied 
Aug. 1, 1933. 

Small Virginia 
Runner. 

20 

105.0 

0.93 

66.0 

2 

do... 

300 pounds of gypsum applied 
Aug. 1, 1933, followed by 40 
pounds of K 2 O from kainite at 
planting. 

Jumbo Virgin- 
ia Runner. 

50 

40.8 

1.48 

67.0 

3 

Onslow fine sandy 
loam. Low spot 
of heavy texture. 

300 pounds of gypsum applied 
Aug. 1, 1933, followed by 143 
pounds of cottonseed meal at 
planting. 

-do 

40 

58. G 

1. 55 

67. 0 

4 

Onslow fine sandy 
i loam of lighter tex- 
1 ture. 

300 pounds of gypsum applied 
Aug. 1, 1933 (check). 

do 

34 

65. 6 

1.18 

63. 7 

5 

Onslow fine sandy 
loam of heavier 
texture. 

1 ton of ground oystershell lime 
applied Apr. 1, 1934, followed 
by 3 bordeaux mixture appli- i 
cations (4-4-50) on July 15, 
Aug. 1 and 15, 1934. 

do 

13 

173.1 

1.38 

65. 5 

6 

do... 

1 ton of ground oystershell lime 
applied Apr. 1, 1934, but not 
treated with bordeaux mix- 
ture (check). 

do 

20 

94.5 

1. 38 

07. 5 


1 Peanuts designated in pounds represent rates per acre. 

PRESERVATION OF SAMPLES 

The peanuts were picked in the field, put in paper bags, and within 
6 to 7 hours were placed on a screen, shaken to free them from adhering 
soil, weighed, and transferred immediately to a forced-draft drying 
oven, where a temperature of 65° to 70° C. was maintained for about 
20 hours. The moisture estimations of the fresh peanuts were not 
considered reliable enough to be recorded, because the plants had been 
pulled from the soil and exposed to an undetermined degree of drying 
for some hours before samples were taken. After the preliminary 
drying, the carefully cleaned peanuts were shelled and the kernels and 
shells ground separately in an electrically driven mill. The shells 
were passed through a 40-mesh sieve, but the kernels could not be so 
sifted because they had been ground somewhat coarsely to prevent 
any oil from being squeezed out. Since ground kernels at room 
temperature are known to become rancid and perhaps to undergo 
other changes with time, the samples were kept at about 2° until 
analyses were completed. Since the minced materials were placed 
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in tightly covered jars immediately after being ground and before their 
moisture content had reached equilibrium with that of the surrounding 
air, accurate moisture determinations were made in duplicate at the 
beginning and toward the conclusion of the investigation to ascer- 
tain whether the moisture content had changed during the time of 
making the analyses and, if so, to what extent. 

Table 2 shows that when the dry-matter estimations made in 
October 1934 are compared wdth those of June 1935 the greatest 
difference is 0.32 percent in the case of the kernels (plot 1) and 0.55 
percent for the shells (plot 2). It therefore appeared perfectly safe 
to calculate the results of the estimations of ash, oil, sugars, protein, 
etc., on the basis of dry matter found in October 1934. It is of in- 
terest to note that, after the unshelled peanuts had been dried at 65° 
to 70° C. for 20 hours, the separated kernels and shells from the vari- 
ous plots showed very similar percentages of dry matter, respectively, 
and with but one exception differed by only a few tenths of 1 percent. 


Table 2. — Percentage of moisture ^ in peanut samples preserved by drying at 
65^-70^ C. for 20 hours 


Plot No. 

Moisture in— 

Plot No. 

Moisture in— 

Kernels 

Shells 

Kernels 

Shells 

Immedi- 
ately after 
preserva- 
tion dry- 
ing at 
6.5®-70° C. 
in Octo- 
ber 1934 

After 
storing 
for 8 
months 
at2®0. 
in 

closed 

Jars 

Immedi- 
ately after 
preserva- 
tion dry- 
ing at 
65®-70° C. 
in Octo- 
ber 1934 

After 
storing 
for 8 
months 
at 2° G. 
in 

closed 

jars 

Immedi- 
ately after 
preserva- 
tion dry- 
ing at 
65®-70® C. 
in Octo- 
ber 1934 

After 
storing 
for 8 
months 
at 2° G. 
in 

closed 

jars 

Immedi- 
ately after 
preserva- 
tion dry- 
ing at 
65°-70° C. 
in Octo- 
ber 1934 

After 
storing 
for 8 
months 
at2®C. 
in 

closed 

jars 


Percent 

Percent 

Percent 

Percent 


Percent 

Percent 

Percent 

Percent 

1 

3. 33 

3.65 

4.06 

3.54 

4 

\ 3.25 

3. 23 

' 3.70 

3.53 

2 

2. 95 

3.22 

4.26 

3.71 

5 

3.27 

3.00 

3. 79 

3.37 

3 

3.10 

3.34 

3.56 

3.23 

6.— 

j 3.48 

3. 52 

4. 42 

4.39 


I Moisture was determined at 105® C. just after initial drying and after 8 months' storage in closed con- 
tainers at 2® C. 


CHEMICAL ANALYSES 

ASH CONTENT 

In order to obtain uniform, strictly comparable ash determinations, 
duplicate portions from the six samples were incinerated simultane- 
ously in an electric muffle furnace at a red heat below the fusion point 
of the ash. In each case a loose, homogeneous ash was obtained. The 
average percentages found are presented in table 3. 

As will be seen, the kernels from the several plots showed consider- 
able differences in the percentages of ash, which ranged from 2.22 for 
plot 5, with maximum growth and yield, to 2.56 for plot 2, with least 
growth and yield. For the shells, the lowest ash content was 2.73 
percent for plot 3 (heavy soil high in organic matter) and the highest 
4.04 percent again for plot 2. The variety of peanut, as well as the 
type of soil and the fertilizers applied, may have been a factor. The 
ash content of the shells was considerably larger than that of the 
corresponding kernels from each of the plots, the average ash content 
of the shells for all six plots being about 38 percent higher than that 
of the kernels. 
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T able Z.— -Percentage of total ash in peanut kernels and shells, determined on niois-- 

ture-free basis 


Plot 




Ash from— 

No. 

\ ariety 

Type of soil 

Treatment ^ 

Kernels 

Shells 





Percent 

Percent 

1 

Small Virginia 
Runner. 

Onslow fine sandy loam 
of lighter texture. 

300 pounds of gypsum applied Aug. 
1, 1933. 

2.37 

2.78 

2 

Jumbo Virginia 
Runner. 

do.- 

300 pounds of gypsum applied Aug. 
1, 1933, followed by 40 pounds of 
K 2 O from kainite at planting. 

2.56 

4,04 

3 

do 

Onslow fine sandy loam, 
low spot of heavy tex- 
ture. 

300 pounds of gypsum applied Aug. 

1, 1933, followed by 143 pounds of 
cottonseed meal at planting. 

2. 31 

2.73 

4 

do 

' Onslo'w fine sandy loam 
of lighter texture. 

300 pounds of gypsum applied Aug. 

1, 1933 (check). 

2. 41 

3. 35 

5 

do-. 

Onslow fine sandy loam 
of heavier texture. 

1 ton of ground oystershell lime ap- 
plied Apr. 1, 1934, followed by 3 
Bordeaux applications on July 15, 
Aug. 1 and 15, 19.34. 

2. 22 

2,89 

6 

do 


1 ton of ground oystershell lime ap- 
plied Apr. 1, 1934 (check). 

2. 46 

4.00 


1 Amounts designated in pounds represent rates per acre. 


Because of the comparatively small quantities of ash obtained from 
the peanuts of each individual plot, the ash portions from all plots 
were combined and mixed for qualitative examination, the results of 
which are recorded in table 4. 


Table 4. — Qualitative examination of ash from peanut kernels and shells 



Relative amount in-- 


Kernels 

Shells 

Cation; 



Potassium.. 

Very much 

Much. 

Sodium 

Very little ' 

Very little (trace) . 

Magnesium 

Considerable quantity 

Present. 

Calcium 

Present in smaller quantity than mag- 
nesium. 

Present; much more than in kernels. 

Iron 

Present 

Do. 

Aluminum 

do ■ 

Present in greater quantity than iron. 

Anion: 



Phosphate- 

Considerable quantity 

Present; very much less than in kernels. 

Sulphate - 

Present 

Present: somewhat more than chlorine. 

Silicate 

Not present---------- 

Present in considerable quantity. 

■ Chlorine 

Present - 

Present (trace). 


It will be seen that calcium occurs in the shells in considerably 
greater quantity than in the kernels and that silicon is present in the 
shells only. On the other hand, there is more potassium, magnesium, 
and phosphorus in the seeds than in the shells. 

ETHER EXTRACT 

puplicate 10-g portions of ground peanut kernels and shells, after 
being dried at 100° C., were extracted with anhydrous ether in a 
Soxhlet extraction apparatus for 5 to 6 hours, the results thxis obtained 
being designated as analyses A (table 5). The residue was then 
dried, taken out of tliimbles, reduced to a fine powder, returned to 
the thimbles, and extracted for 5 more hours. This was done in the 
case of the kernels because originally they had been ground somewhat 
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coarse. For imiformity in procedure the shells were also extracted 
in two stages^ though the material -was fine and did not need to be 
ground again. The results of the first and second extractions com- 
bined were designated as analyses B, table 5. 

Table 5 . — Percentage of ether-soluble substances in peanut kernels and shellsy 
determined on moisture-free basis 


Plot No. 

Ether-soluble substances in— 

Plot No. 

Ether-soluble substances in— 

Kernels 

Shells 

Kernels 

Shells 

Analy- 
ses A 

Analy- 
ses B 

Analy- 
ses A 

Analy- 
ses B 

Analy- 
ses A 

Analy- 
ses B 

Analy- 
ses A 

Analy- 
ses B 

1 . _ 

Percent 

46.70 

46.77 

48.41 

Percent 

46.91 

47.42 

49.41 

1 

Percent 
0. 55 
.59 
.47 

Percent 

0. 57 
.61 
.48 

4 

Percent 
46. 86 
47. 92 
47.25 

Percent 
48. 02 
48. 59 
48. 49 

Percent 
0. 56 

1 .32 

.57 

Percent 

0.60 

.38 

.57 

9 

5 

3., 

6 




In the case of the kernels the differences between analyses A and 
analyses B were quite pronounced, ranging from 0.21 percent (plot 1} 
to 1.24 percent (plot 6). This shows that analyses A do not represent 
the total ether-extractable material present in the kernels. For this 
reason, only analyses B, which can be considered as correct, are to be 
accepted. For the shells, A and B agree closely, but in five of the 
six samples the second stage of the extraction removed a slight addi- 
tional amount of ether-soluble substances. The percentage of ether- 
extractable substances of the kernels from plot 3 (heavy soil and high 
organic matter) appears definitely greater than those from the com- 
parable plots 2 and 4, whereas the reverse is true of the ether-extract- 
able substances of the shells, an observation that merits further study. 
It seems also an interesting fact that the percentage df ether-extract- 
able substances of the shells from the very vigorous plants of the 
bordeaux-treated plot was quite low in comparison with the control. 

TOTAL NITROGEN AND PROTEIN 

The total nitrogen was estimated by Gunning’s modification of the 
Kjeldahl method. These determinations are designated in table 6 
as analyses A. To make certain whether nitrate nitrogen was present, 
the Gradation of the peanut materials was effected also in the presence 
of salicylic acid (1 g of salicylic acid to 30 cc of sulphuric acid) and 
sodiiim thiosulphate, according to the method of the Association of 
Official Agricultural Chemists (1, p, 21). These determinations are 
designated as analyses B, 

The percentage of protein was computed by multiplying the per- 
centage of nitrogen by the factor 5.5. This factor was used by 
Jones and Horn (5) because Jolms and Jones {6, 7, 8) had shown that 
the peanut contains two dominant proteins, the globulins arachin 
and conarachin, which contain 18.29 percent of nitrogen and which 
make up more than four-fifths of the total nitrogen of the peanut. 
The factor 5.5 was likewise employed by Kitthausen (I^). The 
results thus obtained (table 6) are only approximations of the true 
protein content, for almost certainly some nonprotein nitrogen was 
present. 
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Table Percentage of total nitrogen and of calculated 'protein in pemiut kernels 
and shells j determined on moisture-free basis 


Plot No. 

Kernels 

Shells 

Nitrogen 

by 

Kjeldahl 
method, 
analyses A 

Nitrogen by 
Kjeldahl 
method 
modified to 
include 
nitrates, 
analyses B 

Protein, 
average of 
analyses 
(A and B) 
X5.5 

Nitrogen 

by 

Kjeldahl 
method, 
analyses A 

Nitrogen by 
Kjeldahl 
rhettiod 
modified to 
include 
nitrates, 
analyses B 

Protein, 
average of 
analyses 
(A and B) 
X5.5 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

1 

4. 88 

4.89 

26. 87 

1. 56 

1. 60 

8.69 


4.99 

5. 06 

! 27. 64 

1 1.11 

1. 14 

6.19 

3 - 

4. 90 

4.91 

! 26. 98 

; 1.21 

1. 24 

6. 74 

4 

4, 96 

4. 92 

27. 17 

1. 55 

1. 60 

8. 66 


! 4.63 

! 4. 71 

25. 69 

1, 09 

1. 13 

6. 11 

t; 

4.91 

5. 02 

27. 31 

1.51 

1. 43 

8. 09 


Table 6 shows that the total nitrogen as determined to include 
nitrates in the kernels (analyses B) is in general insignificantly higher 
than the corresponding Kjeldahl nitrogen values. This is true for the 
shells also, the average total nitrogen content, including nitrates, 
being only 0.8 and 1.5 percent higher than the corresponding Kjeldahl 
nitrogen values in the case of the kernels and the shells respectively. 
In other words, the amount of nitrates, if at all present in the kernel 
and the shell, is so small as to be negligible. 

Among the samples of kernels and shells there were no very striking 
differences in nitrogen content that could be definitely associated with 
the environment or growth of the plant. It is suggestive, however, 
that both kernels and shells from plot 5 showed a distinctly lower 
nitrogen content than the corresponding samples from plot 6. 
Although less striking, the nitrogen content of kernels of samples 
from plot 3 tended to be low as compared with that for plots 2 and 4, 
The differences among the shell samples were greater than among 
the kernel samples both relatively and absolutely. 

CRUDE FIBER 

The method of determining the crude fiber was essentially that of 
the Association of Agricultural Chemists (Ij pp, 280-281). The 
results obtained (table 7) show that the differences in the crude-fiber 
content of the kernels from plots 2 to 6 (Jumbo Virginia Runner) 
were rather insignificant and that the value for plot 5 was the lowest. 
The differences in the crude-fiber content of the shells were marked, 
the value for plot 3 (heavy soil, high organic matter) being the 
highest, and that for plot 5 (bordeaux-treated) the lowest. 


Table 7 .—Percentage of crude fiber in peanut kernels and shellSj determined on 

moisture-free basis 


Plot No. 

Crude fiber in— 

Plot No. 

Crude fiber in— 

Plot No. 

Crude fiber in— 

Kernels 

Shells 

Kernels 

Shells 

^ Kernels 

Shells 

■I-*-. 

Percent 
■2.82 
. 2. 21 

Percent 
65.42 
63. 46 


Percent 

2.20 

2. 24 

Percent 

66.23 

1 63.13 

5 

Percent 

2, 11 
2.23 

Percent 
61.63 
62. 62 

2 

: 4 '■ 

6 
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CARBOHYDRATES 

A careful review of the literature failed to reveal any estimations 
of reducing sugars, sucrose, or starch in the peanut kernel. Instead, 
nitrogen-free extract is ordinarily given, which is tacitly assumed to 
comprise the carbohydrates. The nitrogen-free extract is obtained 
by subtracting from the dry matter the sum of protein, crude fiber, 
ether extract, and ash. This indirect method is very convenient, and 
therefore is generally used in reporting analyses of feedstuffs, although 
it naturally involves the errors incidental to the determination of the 
afore-mentioned constituents and gives no knowledge of the specific 
carbohydrates present. Direct determinations of certain of the 
various carbohydrates are therefore necessary in order better to 
understand the physiological conditions associated with various types 
of response of the various parts of the peanut plant. The methods 
employed were as follows: 2 g of ground peanut kernels, first freed from 
fat by treatment with ether, were extracted with 60-percent alcohol 
in a Soxhlet extraction apparatus; the extract was freed from alcohol, 
and the aqueous solution was then introduced into a 250-cc volumetric 
flask; 1 to 2 cc of neutral lead acetate was added, and the mixture was 
made up mth water to 250 cc and filtered clear. 

DETERMINATION OF REDUCING SUGARS 

Briefly stated, a 100-cc portion of the clear filtrate was boiled with 
Bertrand^s solution A (copper sulphate) and B (Rochelle salt) for 3 
minutes. The cuprous oxide obtained, after being washed well with 
hot water was dissolved in Bertrand’s solution 0 (ferric sulphate) and 
titrated with Bertrand’s solution D (standard potassium perman- 
ganate), the results being calculated as glucose (55 13^ 14 )- 

DETERMINATION OF TOTAL SUGARS 

A 75-cc portion of the clear filtrate was inverted accoramg to 
Herzf eld’s method (4). The cooled hydrolysate was neutralized with 
sodium hydroxide solution and made up to 100 cc. This, divided 
into two 50-cc portions, was used for the estimation of total sugar 
according to Bertrand’s method, the results being calculated as invert 
sugar. 

CALCULATION OF SUCROSE 

The proportion of sucrose was found by subtracting the percentage 
of reducing sugars from that of total sugars and multiplying the 
difference by the factor 0.95. 

ESTIMATION OF ACID-HYDROLYZABLE POLYSACCHARIDES 

The estimation of the acid-hydrolyzable polysaccharides was made 
according to the method as outlined by Schmidt {15, p, 924), Lohrisch 
{10, p. 375), md Zemplen (18). The residue that remained after 2 g 
of peanut kernels had been extracted with ether and with 60-percent 
alcohol was hydrolyzed with a 2.1-percent hydrochloric acid solution 
for 2 hours. The cooled hydrolysate, after being neutralized with 
sodium hydroxide solution, was made up with water to 250 cc and 
filtered clear. Of this solution, 10-cc portions were used for deter- 
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iiiiiiing the glucose according to Bertrand’s naethodj the acid-hydro- 
lyzabfe polysaccharides being calculated as starch by multiplying the 
glucose value obtained by the factor 0.9. For the details concerning 
the estimation of reducing sugars, sucrose, and hydrolyzable polysac- 
charides, the reader is referred to a previous publication (5, pp, 716^ 
718)- The data secured are summarized in table 8. 


Table 8. — Percentages of reducing sugars^ sucrose, and starch in the peanut kernel, 
determined on moisture-free basis 


Plot No. 

Reduc- 

ing 

sugars 

Sucrose 

Hydro- 

lyzable 

polysac- 

charides 

Total 

carbohy- 

drates 

Plot No. 

Reduc- 

ing 

sugars 

Sucrose 

Hydro- 
lyzable 
polysac- 
charides ; 

Total 

carbohy- 

drates 

1 

Percent 
0. 25 
.26 
.22 

Percent 
2. 45 
3.05 
2. 87 

Percent 

6. 98 
5.22 
4.88 

Percent 

9. 68 
8.53 

7. 97 

4 

Percent 
0. 26 
.27 
.28 

Percent 
2. 67 
3. 18 
3. 05 

Percent 

5. 35 
6.70 
4. 78 

Percent 
8.28 
9. 15 
8. 11 

2 

5 * 

3 

6_ 




Table 8 shows that the percentage of reducing sugars is very small. 
On the other hand, the proportions of sucrose are quite noticeable. 
Still larger are the proportions of hydrolyzable polysaccharides, and 
the percentages of the total carbohydrates range from 7.97 (plot 3) 
to 9.68 (plot 1). These values indicate that because of the vigorous 
vegetative growth of the plants in plot 3, on a heavier soil high in 
organic matter, the maturity of the kernels was retarded. As a 
consequence, the percentage of hydrolyzable polysaccharides (4.88) 
and of total carbohydrates (7.97) was noticeably smaller than in the 
comparable plots 2 and 4, which showed, respectively, a starch per- 
centage of 5.22 and 5.35, and a total carbohydrate percentage of 8.53 
and 8.28. The bordeaux-sprayed plants of plot 5, which exhibited a 
leaf color and leaf area far superior to the unsprayed plants of plot 6, 
also showed a higher content of sucrose and hydrolyzable polysac- 
charides — in fact, the liighest of any plot of the Jumbo Virginia 
Runner. It is also noteworthy that the kernels of the Small Virginia 
Runner (plot 1) displayed the highest percentage of hydrolyzable 
polysaccharides (6.98) and of total carbohydrates (9.68), doubtless 
owing largely to the variety. 

SUMMARY 

Six samples of peanut fruits involving two varieties were taken from 
areas and soil-treatment plots of an experimental field, showing marked 
difterences in gi*owth, yield, and character of fruits. These were 
subjected to partial chemical analysis to determine whether easily 
recognizable differences in composition might be associated with en- 
vironment and growth response. 

The two varieties showed slight differences in ash, oil, protein, 
crude fiber, and carbohydrate content, but too few samples were 
involved to permit the drawing of any definite conclusions. 

Ash content appeared to be decreased in both kernels and shells by 
a high nitrogen supply of the soil or by bordeaiix mixture treatment 
that resulted in markedly increased plant growth and yield of pods. 

Relatively unimportant differences in ether extract of kernels 
were observed among the samples, although in the shells the percentage 
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of ether-extracta..ble substances was apparently decreased by high 
nitrogen or by the bordeaux treatment. 

The total nitrogen content of kernels and shells apparently was not 
influenced by a high nitrogen condition of the soil due to application 
of cottonseed meal, but the nitrogen percentage was less in both 
kernels and shells from the bordeaux-treated plot. 

Diflhrences in crude fiber among the samples were very small and 
of doubtful importance. 

Keducing-sugar content was extremely low in all samples of kernels. 
The sucrose content of kernels from the high-nitrogen plot treated 
with cottonseed meal and that for the bordeaux-treated plot were not 
materially difterent from their corresponding checks. 

Total polysaccharides and total carbohydrates appeared to be 
decreased somewhat on the high-nitrogen plot and increased on the 
bordeaux-treated plot, in comparison with their respective checks. 

This preliminary examination suggests that further biochemical 
and physiological studies may be expected to reveal important 
information on growth and development problems relating to yield 
and quality of peanuts. 
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INFLORESCENCE BLIGHT OF THE DATE PALM* 


By J, G. Brown, 'plant pathologist, and Karl D. Butler, research assistant, 
Arizona Agricultural Experiment Station 

INTRODUCTION 

In 1935 a blight of the inflorescence of the date palm in university 
date garden at Tempe, Ariz., was called to the attention of the senior 
author. The disease was present on the Sayer and Khadrawi varie- 
ties. In 1936 Khadrawi palms were not attacked, but the Blhir 
variety, hitherto not observed to be affected, had flower clusters killed 
by the blight. A survey ^ of the palms showed the following blighted 
inflorescences, all pistillate: 


Blighted 

Variety: inflorescences 

Iteema 1 

Maktoom 2 

Sayer (31 years old) 7 

Saver (31 years old) 5 

Sayer (11 years old) 1 

Khir (31 years old) 4 


The occurrence of the blight in the date garden suggested the ad- 
visability of examining the date palms on the campus of the Univer- 
sity of Arizona at Tucson. A survey of these palms showed the 
disease to be present on staminate inflorescences. 

The date palms with which the wniters worked in university date 
garden are chiefly known varieties imported from Africa and prop- 
agated by means of offshoots. The history of the garden is given in 
Arizona Agricultural Experiment Station Bulletin 149 (i).® Palms 
on the campus of the University of Arizona, which are mentioned in 
connection with the present study, are seedling in origin and non- 
descript in variety, and were planted primarily for ornamental 
purposes. 

Until 1936 inflorescences infected with blight fimgi had been found 
only on palms 30 to 31 years old, but during the flowering season of 
1936 an inflorescence blighted on a palm only 11 years old. Most 
infected inflorescences in the date garden have been foimd on pistillate 
flowers, but blighted staminate inflorescences have also been collected 
there and on the university campus, Hilgeman ^ states that a blight 
wdiich occurs generally on staminate flower clusters in the date garden 
and throughout the Salt Kiver Valley in Arizona has been popularly 
attributed to Thielamopsis 'paradoxa on the basis of work done on 
palms in California (4). The present w'ork (the first investigation of 
inflorescence blight to be undertaken at this station) appears to indi- 
cate that more or less of the blight in Arizona date palm orchards is 
caused by fusaria. : . , 


1 Received for publication February 28, 1938; issued August 1938, 

2 This survey was made by Robert H. Hilgeman, assistant horticulturist. 

3 Italic numbers in parentheses refer to Literature Cited, p. 318. 
^Personal communication. 
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SYMPTOMS 

Initial infection of date inflorescences may occur anywhere on the 
rachis from the base to the branches, on the branches, or in the flowers. 
Primary infection of the rachis results in water soaking^ of the tissues 
and subsequent discoloration of the stalk, the color ranging from wood 
brown {6) to fawm to bone brown, with shrinking of the infected tis- 
sues (pi. 1, Aj a). Disease of the branches, which are discolored like 
the rachis, results in the death of the flowers above the infected spot. 
Attacked flowers (pi. 1, -F) are a discolored brown. 

Stalks of pistillate inflorescences often are so weakened by infection 
that they break under the increasing weight of the fruit. The break 
across the stalk is at right angles to the axis, often resembles a cut 
made by a sharp instrument, and is deep enough to permit the distal 
part of the branch above the break to bend back against the basal 
part. Although this breaking of the stalk following infection is com- 
mon, apparently sound stalks occasionally break. The writers have 
cultured some that gave no parasitic organisms. 

CAUSE 

Blighted parts of the date inflorescence, sometimes in the field and 
regularly in the laboratory when kept moist, become overgrown vuth 
a gray to bufl^ mycelium, or with a covering of pale purplish to pale 
Congo pink filaments, or with a mycelium in which these colors are 
mixed. Blocks of tissues from infected parts, which were surface- 
sterilized and cultured on 2-percent potato-dextrose agar, steamed 
yellow corn meal, and steamed rice, yielded two species of Fusarium 
and one species of Helminthosporium. One Fusarium ^ in 10-day 
cultures on potato-dextrose agar, was a pale grayish vinaceous above 
and pale grayish vinaceous to brovnish vinaceous in streaks below. 
On steamed rice in 6-day cultures it was light vinaceous gray above 
and light vinaceous lilac with rocellin purple lines around the lighter 
areas below. « 

The other species oi Fusarium, in 2-day cultures on potato-dextrose 
agar, was sea-shell pink to salmon buff above, and gray to ochraceous 
orange (margin of colony to center) below; 10-day cultures on the 
same medium were pale ochraceous salmon to salmon buff above (the 
lighter color in the margin and betw^een the concentric growTh rings), 
and gray to orange below. On steamed rice, 9-week cultures were 
pinkish buff above and pinkish buff to hazel below. This species 
often gave concentric growth rings 2 to 4 mm wide on potato-dextrose 


EXPLANATORY LEGEND FOR PLATE 1 

Naturally blighted infloreseenee of date palm, Khadrawi variety, with: a, Basal discoloration and shrink- 
ing of rachi; 6. discoloration of branches; e, mycelium and spore masses of Fusarium. B. Piece of rachis 
inoculated in situ with Fusarium moniliforme on April 21, 1935, and photographed May 24, 1935, Dis- 
TOloration of the rachis extends for a considerable distance above and below the points of inoculation. 
C, Pieces of rachis of date palm laboratory-inoculated with F. moniliforme April 21, 1935, and photo- 
graphed May 4 following. D, Pieeas of rachis laboratory-inoculated with E. moniliforme April 21, 1935, 
Md photographed May 15: a, Piece incubated at 5® C.; 6, piece incubated at room temperature. E, 
Flowers of seedling date palm inoculated with F. moniliforme April 21, 1935, and photographed May 4. 

Natural infection of the staminate inflorescence of seedling date palm with F. moniliforme May 24, 
1935; terminal flowers discolored and killed. G, Green date fruits inoculated by spraying with a spore 
suspension of P. mow photographed 7 days after inoculation. FI, Natural infection of staminate 
inflorescence of date palm with F. semifectum (F. lateritium var. fructigenum^), iln]y 20, 1935: a, Late 
stage showing mycelium and spore masses on inflorescence in the university date orchard; 6, early stage, 
<»mpua, IJnivmity of Arizona. /, Green date fruits inoculated by spraying with a spore suspension of 
F. var. photographed 7 days after inoculation. 
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PLATE 2 



y-1, Culture of Fusarium moniliforme from blight of date inflorescence, on steamed rice 39 days at 28° C.: 
a, Upper surface, light vinaceous gray; b, lower surface light vinaceous lilac with rocellin purple bor- 
ders around lighter areas. B, Culture of Fusarium semitectum {F. lateritium var. fructigenum'?) from 
blight of date inflorescence, on steamed rice, 39 days at 28° G.: a, Upper surface, pale ochraceous salmon 
to salmon buff; b, lower surface gray to ochraceous orange. 
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agar. Plate 2^ A and B, shows the appearance of older cultures of the 
two fusaria« 

The vinaceoiis culture oi Fusarium was identified by Dr. C. D. 
Sherbakoff, of the Tennessee Agricultural Experinient Station, as 
Fusari'um moniliforme Slield., which agreed with the report on the 
same fungus received from the Centraalbureau voor Schimmel cultures, 
Baarn, Netherlands. The buff culture was identified by Sherbakoff* as 
Fusarimn semitectum Berk, et Rav. and by the Centraalbureau as 
Fusariwn lateritium Nees Ytir.fructigenum (Fr.) Wr. 

The species of Helminthosporium found by the junior author and by 
him proved cai)able of causing decay of the flower clusters of the date 
palm is not considered in the present paper. 

INOCULATIONS 

On April 19, 1935, three spadices of Phoenix dactylifera i., whose 
spathes had been open a few days, were inoculated by spraying the 
exposed flowers with a heavy suspension of spores of Fusarium moniF 
iforme; and a small hole was cut through an unopened bract of a 
fourth inflorescence into which a spore suspension of the fungus was 
injected, so that the spathe formed a natural moist chamber. On the 
same date four rachi were inoculated by inserting small pieces of a 
pure culture of the fungus from potato-dextrose a^ar into small inci- 
sions made with a sterile scalpel and afterward moistened with sterile 
distilled water. Both staminate and pistillate inflorescences were 
used in the inoculations. On May 4 many diseased flowers were 
evident in the inoculated clusters (pi. 1, E), but the controls were 
normal. A series of 12 isolations was made from the inoculations, and 
all but 1 culture gave the Fusarium species used in the inoculations of 
the infloi^escences. Too rigorous surface sterilization of the tissues 
ilsed in culture may account for the single failure. 

Again on April 21, 10 rachi on 2 palms were wound -inoculated as 
previously described; 13 days later the inoculations had water-soaked 
margins and presented the appearance shown in plate 1, (7, although 
the controls showed no infection. Pieces of the water-soaked tissues 
were surface-sterilized with a 1:1,000 mercuric chloride solution and 
cultured, with the recovery of Fusarium moniliforme in 11 of the 15 
tubes. 

Two large pieces of rachi, which were scalpel-inoculated with 
Fusarium moniliforme and placed under a bell jar in the incubator at 
27"^ C., showed good fungus growth on the wounds in 3 days, although 
no growth occurred on control pieces similarly wounded but not inocu- 
lated . One piece was then transferred to the refrigerator and kept at 
a constant temperature of 5° in a similar moist chamber. At the end 
of 8 days the two pieces were photographed (pi. 1, D, a and h). Growth 
at the lower temperature was slight, but at the higher temperature it 
was luxuriant. 

The piece of rachis from the incubator was afterward removed to a 
moist chamber in the laboratory and there it produced numerous 
perithecia. The perithecia were dark blue, ovoid, contained asci with 
eight ascospores arranged in two series, and agreed well with the 
measurements of jDerithecia, asci, and ascospores given by Wollen- 
weber (7) for Gibberella moniliformis Wineland. Ascospores 

from the perithecia wnre cultured on malt agar from which transfers 
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were made to potato-dextrose agar; the resulting mycelial growth 
appeared to be identical with Fusarium moniliforme and produced 
similar microconidia. 

On May 24 a rachis which had been inoculated with a culture of 
Fusarium moniliforme on April 21 was found to have a long, depressed, 
grooved lesion (pL 1, B) which had resulted from the coalescence of 
the lesions initiated by inoculation. Blocks of the infected tissues 
from this piece of rachis were killed and sectioned for histological 
study. 

On May 24 a natural infection of a staminate inflorescence was found 
on a date palm on the university campus. The spathe had been open 
for a few days only, yet the top of the flower cluster was very brown 
and the infection appeared to be progressing downward (pi. 1, 
From cultures of the infected flowers Fusarium moniliforme was 
isolated. 

Inoculations of date palm parts with Fusarium semitectum {F. 
lateritium var. fructigenum, according to the Centraalbureau voor 
Schimmelcultures) were made as follows: Wound inoculations on 
five rachi and two petioles and spore-suspension sprayings on two 
inflorescences, all made on May 15 with proper controls. On June 15 
lesions were present on all inoculated parts except the petioles, but 
none were present on controls; theMesions developed much more 
slowly than those caused by inoculation with F. moniliforme. From 
the inoculated tissues 20 cultures were made with surface-sterilized 
pieces; 12 of the cultures gave the Fusarium used in the inoculations— 
the only pathogene recovered. Green, surface-sterilized date fruits 
from palms on the campus, placed in Petri dishes, were vigorously 
attacked by F, semitectum (F. lateritium'l) and by F, moniliforme^ 
after being sprayed with spore suspensions of these species (pi. 1, 

' PATHOLOGIC HISTOLOGY ^ 

Preparations for microscopic investigation were made from the 
tissues of rachi and other parts infected with Fusarium moniliforme. 
The fungus infects both fibro-vascular bundles and parenchyma cells, 
which are more or less discolored as a result of invasion. In the 
bundles the filaments are located chiefly in the tracheae (pi. 3, A and 
B) ; in the parenchyma tissue they are both intercellular and intracel- 
lular (pi. 3, Cy. Infected parenchyma cells in slides , stained with 
carbol fuchsin-light green (clove oil) acquired a deeper red than healthy 
cells in the same preparations. The vacuolar structure of the hyphae 
in the vessels was clearly evident under high magnification (pL 3, B), 

CONDITIONS AFFECTING THE BLIGHT 

Although a study of the effect of environmental conditions on the 
prevalence of the blight of date inflorescences has not been made, 
observations indicate that the weather in the Salt Kiver Valley during 
the flowering season is usually favorable for its development; hence 
the general occurrence of the disease. Viable cultures of Fusarium 
from old inflorescences show that the heat of summer, the dryness of 
autumn, and the cold of winter do not injure the fungus, which con- 
tinues capable of producing abundant spores. 

How the spores of the fusaria of inflorescence blight are disseminated 
remains to be determined. Insects are frequently very numerous in 
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Plate 3 



1, l umnum momliforme: Parts of hyphae in trachea of flbro vascular bundle of rachis. X (1214 B 
vacuolate structure of a part of a hypha of F, moniliforme in a trachea of date rachis. X 2,571. C\ parts 
Of hyphae of i . monUiforme in a parenchyma cell of rachis of date palm. X 621.4. 
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the tops of date palms, especially during flowering and fruiting. Pos- 
sibly they are the important agents of dissemination. The practice 
among date growers of carrying flower clusters from staminate palms 
into their exclusively pistillate plantings no doubt facilitates the spread 
of the inflorescence blight. 

The effect of spraying on fusarium blight of date flower clusters has 
not been specifically investigated, although the trees in university date 
garden have been sprayed for several years in an effort to control 
fruit rot. In these sprayings copper acetate, lime-sulphur, and instant 
bordeaux mixture (4-4-50) have been used. Sprays for fruit rot 
usually have been applied later in the season than they should be to 
control inflorescence blight. Perhaps the first step in the control of 
the blight should be the removal of all staminate flower clusters after 
pollination is effected, and the removal of all pistillate rachi after the 
fruit is harvested. With these sources of infection out of the way, a 
thorough spraying of the palms before the spathes break open should 
go far toward eliminating the blight. 

DISCUSSION 

In some respects the blight of date inflorescences herein discussed is 
similar to the decay described by Cavara (^), and later by Chabrolin 
(3), under the name ^^Khamedj/’ for palms in north Africa. Both 
diseases are parasitic, both attack staminate and pistillate flower 
clusters and related parts, both originate externally, and both cause 
browning of the affected tissues. Also, the Khamedj parasite has 
I been proved to attack uninjured tissues just as the fusaria in inflores- 

I cence blight attacked uninjured green date fruits. However, there 

t should be no possibility of confusing the Khamedj parasite with the 

fusaria, for the former, Mauginiella scaettae {2, 3), belongs to a genus 
having affinity with Septocylindrium and Geotrichum; it produces a 
wdiite efflorescence, becoming pulverulent over reddish spots wKich 
later become black; the external mycelium disappears from the in- 
fected spots ; and conidia are borne in chains. Except for a somewhat 
f pulverulent appearance, the fusaria differ from the Khamedj parasite 

I as described, and no pathologist would have difficulty in distinguish- 

> ing the parasites. 

The blight described in this paper may be the same inflorescence 
decay mentioned by Fawcett and Klotz (.4) ^ their bulletin on diseases 
of the date palm, although they do not give the species of Fusarium 
* which they isolated in their studies. ^ They state (4, p- 2S): Fusarium 

sp. is sometimes found mixed with either Thielaviopsis or Diplodia, or 
it may be alone.’^ In another publication (5, p. 157) they say: -A 
^ species of Fusarium was later found as the primary cause of a decay 

f of certain male inflorescences of the date palm.’^ The fact that they 

? obtained less injury from their inoculations with jFusanum species 

■ may have been due to their use of a different species from those em- 

! ployed by the writers, or to different environmental conditions. 

Inoculation with Fusarium moniliforme in the writers’ experiments 
soon resulted in extensive decay. From brief description of the 
i Fusarium rot given by the California investigators it is impossible to 

determine whether the inflorescence decay which they mention is 
identicaL with the blight observed m the Arizona plantings. 


i 
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Tliat the blight may atfect the inflorescences of a comparatively 
vide range of varieties and ages of date palms is indicated by the list 
given in the introduction to this paper, and this probably means a 
spread of the disease unless steps are taken for its control. Persistent 
blighted flower and fruit clusters may easily become serious sources 
of infection from year to year. One suspicious case found on the 
campus strongly suggests this means of carry-over. A rotted cluster 
of flowers from the preceding year, within a partly opened spathe, 
was covered and interspersed with a powderly mass of Fusarium 
spores; on the same palm several blighted inflorescences were found 
near the old blighted flower cluster. 

SUMMARY 

An inflorescence blight attacks several varieties and ages of date 
palms in southern Arizona. 

Primary infection results in water soaking and discoloration of the 
infected parts; flowers may be killed by direct attack or indirectly by 
the infection of parts below them; green fruits decay when sprayed 
with a spore suspension of either of the fungi concerned. 

Tw^o species of Fusarium cause the blight, working together or 
separately. One of these is Fusarium moniliforme Sheld.; the other 
is either F. semifecium Berk, et Rav., (as identified by Sherbakoff) or 
F, lateritium Nees var. fructigenum (Fr.) Wr. (as indicated by Cen- 
traalbureau voor Schimmelcultures). 

The results of numerous inoculations with the two species of 
Fusarium OIL different parts of the date palm are given. 

A brief description of the pathologic histology is presented. 
Conditions afl^ecting the blight are discussed, and suggestions for 
its control are given. 
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EXPERIMENTS ON THE TRANSMISSION OF POTATO 
VIRUSES BY VECTORS » 

B\* T. -P. Dykstra, associate pathologist^ Bivision of Fruit and Vegetable Crops and 
' Diseases^ Bureau of Plant Industry, United States Department of Agricidture, 
and W. C. Whitaker, formerly research assistant, Department of Botany, Oregon 
Agricultural Experiment Statio7i 2 

INTRODUCTION 

Virus diseases of potato (Solarium tuberosum L,) spread fairly 
rapidty in certain localities, whereas in others there is very little 
spread even in the same potato variety. In Maine (7y mild mosaic 
spreads rapidly but rugose mosaic and leaf roll do not. Gardner and 
Kendrick (8) report that in Indiana leaf roll spreads more rapidly 
than mosaic. In Nebraska (9) spindle tuber infects a large number 
of plants unless special precautions are taken, but there is little spread 
of mild mosaic, rugose mosaic, and leaf roll. 

It is assumed that the variation in the rate of spread in different 
localities is influenced by the abundance of certain species of insects, 
especially aphids, which are vectors of certain potato yiruses. To 
secure definite information on the ability of different species of insects 
to transmit potato viruses, experiments were conducted in the field 
under muslin-covered cages and in the greenhouse. wSince there also 
seems to be a variation among different species of aphids, which are 
known to be vectors, in their ability to transmit these viruses readily, 
and since infection of a plant with a virus may depend to some extent 
on the manner of application of the fluid containing the virus, it was 
considered important to determine the methods by which different 
species of aphids feed, and to try to correlate the feeding methods with 
the ability of the aphid to transmit a virus. The feeding habits on 
potato of four species of aphids, namely, Aiyzus persicae (Sulz.), 
M. circumflexus (Buckt.), M. solani (Kalt,), and Aiacrosiplmm (Illi- 
noia) solardJoUi (K^lim were studied. These were taken from 
plants infested with one species only and were kept caged in the field 
or in the greenhouse. An effort was also made to determine whether 
insects other than aphids that naturally feed on potato plants may 
serve as vectors of potato viruses. 

REVIEW OF LITERATURE 

Schultz et al. (19) were the first to demonstrate that at least two 
species of aphids can transmit potato mosaic. The spread of the leaf 
roll virus of potato in the field from affected to healthy plants by means 
of aphids was first established by Oortwijn Botjes (15). This finding 
was confirmed independently by Schultz and Folsom (16). The 

1 Received for publication December 18, 1937; issued September 1938.; This paper is based upon iiivestisa-* 
tions carried on as part of a cooperative project between the Division of Fruit and Vegetable Crops and 
Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and the Oregon Agricultural Experi- 
ment station. 

2 The authors wish to express appreciation to C. F. W. Muesebeck, principal entomologist in charge, 
Division of Insect Identification, Bureau of Entomology and Plant Quarantine, U. S, Department of Agri- 
culture, for checking the scientiftc names of the insects. 

3 Italic numbers in parentheses refer to Diterature Cited, p. 333. 
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successful transfer of leaf roll by means of Aiyzus persicae from and to 
sprouts was reported by Murphy (12). 

Murphy and McKay (14) presented evidence that capsids {Calocoris 
normgkus (Gmel.) {=bipunctatus F.)) and jassids (Typhlocyba ulmi 
(L.)) could also transmit leaf roll. 

Elze (6) experimented with leaf roll, common mosaic, crinkle, 
stipple streak, interveinal mosaic, aucuba mosaic, and spindling sprout! 
With these diseases infections were carried out with Myzm persicae, 
M. solani, Aphis rhamni Boyer, A, f abac Scop., Eupteryx auratus (L.) 
Lygus pratensis (L)., Psylliodes affinis Payk., and Mamestra brassicae 
(L.). Elze claims that every one of these species possesses the power 
to transmit one or more of these diseases, with the exception of aucuba 
mosaic. Leaf roll was the easiest to transmit. ^ He found that infec- 
tion w^as. always more dfficult to accomplish with insects other than 
aphids. There were also differences between aphids, the infecting 
power of Myzus persicae being the greatest. 

Smith {23) secured uniformly negative results when the following 
insects were tested as vectors of leaf roll from diseased to healthy 
sprouts: Calocoris norvegicus {^bipunctatus), Lygus pabulinus (L.), 
Eupteryx auratus, Empoasca viridula (Fall.), Psylliodes affinis, and 
Macrosiphum (Illinoia) solanifolii. He found, however, that leaf 
roll was transmitted with great regularity by Myzus persicae. In a 
later paper Smith {24) reported^ that a noninfective aphid can pick up 
the ^driis of leaf roll from an infected potato plant after 6 hours of 
feeding. The infective aphid is capable of transmitting the leaf roll 
virus to a healthy potato plant after 2 hours of feeding. However, 
the whole process cannot be performed in 8 hours; a minimum period 
of approximately 54 hours appears to be necessary. Smith also 
secured positive results with Myzus solani and the greenhouse aphid 
M. circumflexus, but with Macrosiphum {Illinoia) solanifolii, Aphis 
rhamni, and A. gossypii Glover his results were negative. 

Cleveland {2) reported that Myzus persicae and the potato leaf- 
hopper {Empoasca fabae (Harr.)) are the principal insect carriers of 
potato leaf roll in Indiana, and he concluded that they are about 
equally responsible. He found that the potato flea beetle {Epitrix 
cucumeris Harris), Thrips tabaci Lind., blister beetles, Colorado 
potato beetles, grasshoppers, and white flies did not transmit the 
disease. 

Schultz and Folsom {17) obtained mild mosaic in experiments with 
Macrosiphum {Illinoia) solanifolii and Aphis abbreviata Patch, but 
with flea beetles and Colorado potato beetles their results were 
negative. 

McKay and Dykstra {11) failed to convey mild mosaic by means of 
Macrosiphum {Illinoia) solanifolii, My zus persicae, M, solani {=pseu- 
(fosoZam Theob.), and M. circumflexus in 53 attempts. They also 
failed to convey rugose mosaic by means of M. solani m.&. Macrosk 
phumfl.) solanifolii in 100 attempts, but they were able to convey it 
occasionally by means of Myzus persicae and M. circumflexus. Crinkle 
inosaic was not transnaitted by Macrosiphum {I.) solanifolii m-d. 
Myzus solani m 35 tests, but it was transmitted by M, persicae 
hj M, circumflexus. Leaf roll was readily transmitted by M. solani, 
M, persicae, ^ixAM. circumflexus, h\ii only occasionally by Ma 
phum {L) solanifolii. Murphy and McKay {13) reported similar 
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results when they stated that with this latter species only 1 out of 151 
plants became infected with leaf roll. ^ ^ , 

Schultz and Folsom (17) reported successful virus disease infections 
bv means of Myzus persicae^ Aphis abbreviaia^ and Macrosiphmn 
(Jllinoia) solanifolii. They found that the last-named species trans- 
mitted mild mosaic both alone and in combination with leaf roll. In 
1925 these investigators (18) experienced difficult}^ with aphid inocu- 
lation and stated that aphids sometimes do not transmit disease under 
conditions that apparently are the same as those that usually give 
positive results. 

Murphy and McKay (13) are of the opinion that several species of 
aphids are transmitters of mosaic, but they found that under ap- 
parently similar conditions inoculation was often not successful. 
They state (ISj p, 152): 

We have at different times successfully conveyed mosaic and leaf-roll infection 
from tuber to tuber in this way [by means of aphids on the sprouts], but on many 
occasions the results have been mainly or entirely negative. ^ Three 

different aphids have been used at various times, these being Myzus persicae^ 
M. pse/udosolani [M, solani], and Macrosiphum solanifolii. All have carried 
infection at times, so the conflicting results do not depend on the sort of aphis 
used; * * the length of their stay on the source of infection or on the 

variety oi plants being infected * * *, 

Smith (22) also concluded that under certain conditions the aphids 
My mis persicae^ and Macrosiphum^ (Illinoia) solanifolii can act as 
efficient transmitters of potato mosaic.^ He states: /Tn the present 
state of our knowledge of this subject it is not possible to say what 
these conditions may be.” 

From healthy potato plants Dykstra (4-) collected miscellaneous 
insects, consisting of Myzus persicae, Macrosiphum (Illinoia) solani- 
folii ^ Epitrix subcrinata Lee., Empoasca filamenta De L., Nabis alter- 
natus Parsh., Lygus pratensis, and Philaenus Uucophthalmm (L.), 
and introduced them into two large cages, each covering about 80 
potato plants. In one cage there was planted, as a source of infection 
10 solanaceous weeds infected with leaf roll, and in the other, 8 
infected with rugose mosaic. The following year the tubers from each 
potato plant w’-ere planted as hill lots, and it was found that 82 per- 
cent of the plants from the first cage had become infected with leaf 
« roll and 53 percent of those from the second cage showed typical 

rugose mosaic. This demonstrated that insects naturally occurring 
on potatoes are able to transmit these two viruses from infected 
weeds to healthy potatoes. 

^ Smith (21) studied the feeding habits of three species of aphids, 

namely, Myzus persicae^ M. circum.flexus^iinA Macrosiphum (Illinoia) 
solanifolii,. The stylet tracks of these aphids were intercellular and 
directed to the phloem, though occasionally the stylet track of AL 

(I,) solwriifolii wdiS 

Davidson (5) found that the piercing organ of Aphis .rumicis L. 
passes intercellularly through the cortex, only occasionally passing 
through individual cells, until eventually it reaches the vascular 
. hmidles. '■■■' 

Biisgen (1) studied the method of feeding of hemipterous iiisects 
and the particular region of plant tissue sought by them. He found 
for aphids three types of stylet track, namely, intercellularly to the 
phloem, intracellularly to the phloem, and in tracellularly through 
the parenchyma with no phloem objective. 
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PROCEDURE FOLLOWED IN TESTING INSECTS AS VECTORS OF 

POTATO VIRUSES 

Tlie studies on insect transmission were conducted in tlie gTeen- 
liouse (fig. 1) and in the field under inuslin-covered cages at the Agri- 
cultiiral Experiment Station, Corvallis, Oreg. The cages were set in 
position at the time the potato seed pieces were planted. This 
precaution was taken to prevent any insects not harbored in the soil, 
which might be virus carriers, from gaining access to the plants at 
any stage in their development. Each cage was large enough to cover 
three full-grown plants. In the inoculation work the cages employed 
for each test were grouped in units of four. Three healthy potato 
tubers of the same variety and origin were used in planting each group 
of cages. The first tuber was cut into four seed pieces, and these 
were planted as hill 1 in each of the four cages. Hills 2 and 3 were 
planted in the same manner. When the plants were 3 to 5 inches 
high, a species of aphid or other insect was transferred from diseased 
potato plants to each of the first three cages of a unit; the plants in 
the fourth cage were left uninoculated and kept as controls. If the 
control plants became infected with a virus the results from the plants 
in tlie first three cages of the unit were discarded. 

APHIDS 

Four species of aphids, Macrosiphwn (Illinoia) solanijolii, Myzus 
persicaej M. solani {=pseudosolani), and M. circumfiexus, v'ere tested 
as agents of spread for the different virus diseases under test.^ The 
first three are commonly found in potato fields in Oregon, but the 
fourth, so far as known, does not ordinarily occur on potatoes naturally, 
but when transferred to them, colonizes readily. 

To provide aphids for infecting plants in the field in the spring, 
tubers known to be infected with various viruses were planted in 6-inch 
pots in the greenhouse and covered with individual muslin-covered 
cages. After the plants were about 6 inches tall a number of individ- 
uals of one of the four species of aphids used were taken from healthy 
plants and placed on the caged diseased plants and permitted to 
colonize. After a large colony of apliids had formed on a diseased 
plant about 50 were transferred by means of a camers-hair brush 
to healthy plants 4 to 6 inches high growing under cages in the field; 
in some cases a leaf on which many aphids were feeding was placed on 
top of the plant under the cage. A week later all caged plants to 
which aphids had been transferred were examined, and ii the insects 
had failed to colonize in a particular cage a new supply from a similarly 
infected greenhouse plant was introduced. In practically all cases 
vigorous colonies developed. Three weeks after the aphids had been 
introduced the plants in the field cages were dusted with 10-percent 
nicotine sulphate to kill the aphids and prevent them from stunting 
the plants. 

In 1933 a diseased tuber, in some cases infected with both mosaic 
and leaf roll virus, was planted in the center of the cage in a 6-inch 
pot. At each end of the cage a healthy seed piece was planted. When 
the plants were about 3 to 5 inches high, virus-free aphids were intro- 


aphids were identified by P. W. Mason, of the Bureau of Entomoloajv and Plant Quarantine, 
I . b. Depart ment of Agriculture, 





Ficjure 1. — Insectary in the Oregon Agricultural Experiment Station greenhouse, 
used to propagate different species of aphids on potato plants under individually 
covered cages. Rectangular cages were used to transfer aphids to tobacco and 
potato plants. 

INSECTS OTHER THAN APHIDS 

Eight large muslin-covered cages, each big enough to cover about 
80 hills, were used to determine whether, in addition to aphids, those 
iiisects that naturally feed on potato vines are also able to transmit any 
of the potato viruses. A row of diseased plants infected with mild mo- 
saic, crinkle mosaic, rugose mosaic, and leaf roll was planted in the center 
of the cage; on each side of this row were two rows of healtl\y potato 
plants, each row being planted with a different variety. The insects 
PhUaenus leucophthalmu.% Lygus pratensis, Epitrix subcrinata, Nabls 
alternatus, and Emp^oasca jilamenia were collected from a field of healthy 
potatoes and deposited in a specially constructed small cage covered 
with black cloth except on one side, which had glass. This cage was 
placed in a field laboratory, with the glass facing the light. The 
iiisects fly toward the glass, where they congregate. By means of a 
siicldng pipette, essentially like that used by Kiinkel (iO), it was 
a simple inatter to pick up several individual insects belonging to 
one species. These were introduced into a large cage, each cage 
receiving a different species. Additional insects were added every 


(liu‘t‘d into the cage and permitted to feed back and forth on the 
diseased and healthy plants. This method should provide ideal 
roiiditions for the transmission of these diseases. By using as the 
source of infection tubers having leaf roll, which is readily transmitted 
by some species of aphids, in addition to a mosaic, evidence can be 
scH'u red as to whether or not a selective method of transmission is 
pracffieed by any or all species of aphids. 
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week, so that by midseason a population of several hundred insects 
ill different stages of development was present in each cage. At 
digging time each hill of potatoes was harvested separately and 
planted the following spring to determine whether any of the different 
species of insects had transmitted any of the pota.to viruses. 

DETERMINING THE FEEDING HABITS OF POTATO APHIDS 

The following technique was used to study the feeding habits of 
potato aphids. Leaves and stems were cut from the plants on which 
aphids were colonized, with as little disturbance of the insects as 
possible. In 1934 these were dropped immediately into formalin 
acetic alcohol and left to fix for 24 hours, after which the usual 
alcohol series was used for dehydration. The embedding was carried 
out ill the usual way by infiltration with xylol and paraffin, the material 
being placed in the 60° C. oven for 24 hours to allow evaporation of 
the xylol, after which it was run through several changes of paraffin 
and then embedded. It was found that many aphids had withdrawn 
their stylets and were washed off the tissues because of the slowness 
of the killing agent. 

In 1935 and 1936 the aphids were killed instantly by dipping the 
leaves and stems bearing them into chloroform, and the material was 
then removed immediately and dropped into formalin acetic alcohol, 
where it was allowed to remain for 24 hours. The dioxane dehydra- 
tion over calcium chloride was used. In using this process the tissues 
were de-aired in the fixative, removed from the fixative, washed in 
dioxane, and then placed in dioxane over calcium chloride for 24 
hours. In 1935 the material was removed from the dioxane to a 
mixture made up of 4 parts dioxane, 1 part xylol, and 1 part paraffin, 
in wMch it was allowed to remain for an hour at room temperature. 
The material was transferred to a second mixture made up of 1 part 
dioxane, 1 part xylol, and 3 parts soft paraffin at 50° C. After an 
hour in this mixture the tissues were washed twice in soft paraffin 
and transferred to hard paraffin for embedding. 

Since the method used in 1935 gave poor paraffin penetration, the 
procedure was modified somewhat the following year. After dehydra- 
tion with dioxane, tissues were transferred to a series of mixtures of 
dioxane and xylol as follows: 

1. Xylol 1 part, dioxane 4 parts. 

2. Xylol 2 parts, dioxane 3 parts. 

3. Xylol 3 parts, dioxane 2 parts. 

4. Xylol 4 parts, dioxane 1 part. 

The time in each mixture was from 10 to 15 minutes. Tissues were 
removed from mixture No. 4 to pure xylol, and paraffin embedding was 
carried out in the usual manner. This method gave excellent results 
with little disturbance of the aphids on the plant tissues 

Materials were embedded in 56° C. paraffin. Experience has shown 
that to get good results in sectioning aphids the tissues must be placed 
in the paraffin in such a way that as many of the aphids as possible will 
lie with the long axis of the body at right angles to the cutting surface 
of the microtome knife and with the head toward the knife. It was 
found best to mark the paraffin blocks so that the orientation of the 
aphids within the paraffin was known. 
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A lost of the sections were cut 20/x in thickness. The stylets range 
frtiiii about lO/z to over loju in diameter. When sections thinner than 
2il/i are cut many of the stylets are sectioned longitudinally For 
most purposes of study this is not desirable. 

All sections cut were mounted serially and examined under the 
microscope. All records are based on observation of the stylets from 
the point where they entered the plant tissue to their tips. Where it 
af)peared that the stylets had been partly withdrawn, or the entire 
stylets could not be found in serial sections, no record was taken. In 
inany cases where the stylet had been withdrawn its path could be 
seen plainly, but records are based entirely on stylets observed in place 
in the tissues. 

Ill all cases the first examination was made with the ribbon still in 
the paraffin. Those sections that did not show anything worth a 
thorough examination were discarded. The others were run up and 
stained in light green for more complete examination, and from the 
best of them permanent slides were made. Light green or fast green 
give better results when photographed than any other dyes that have 
13661.1 tried. In all, about 10,000 sections were cut and examined. 

TRANSMISSION TESTS 

TESTS WITH APHIDS 

In 1929 My ms persicae^ M. circumflexus, and M. solani gave a very 
high percentage of infection when used to transmit leaf roll, but they 
almost always failed to transmit any of the other potato virus diseases. 
In only a few instances did Macrosiphum (Illinoia) solanifolii transmit 
leaf roll, and in no case did it transmit any of the other diseases. 

In greenhouse experiments in the fall of 1932 and the spring of 1933 
My ms persicae and Macrosiphum {Illinoia) solanijoln were tested as 
vectors of the different virus diseases. Both sprout and plant feeding 
tests were conducted. As the source of infection, plants having both 
leaf roll and a mosaic disease were used. Myzus persicae consistently 
transferred leaf roll, in many cases 100-percent transmission being 
recorded, but only occasionally did it transfer the accompanying 
mosaic virus. Interveinal mosaic, crinkle mosaic, and rugose mosaic 
were transmitted by M. persicae but not by Macrosiphum (J.) solani- 
folii: This latter species also was considerably less effective as a 
vector of leaf roll, although occasionally a fairly high percentage of 
transmission was noted. 

In 1933 experiments w^ere conducted under cages in the field to test 
Myzus persicae, M. solani, and Macrosiphum {Illinoia) solanrfolii as 
vectors of potato virus diseases. In order to avoid possible infection 
by root contact and to simulate natural conditions, a diseased tuber 
was planted in a 6-inch flowerpot and placed in the center of the cage. 
At each end of the cage was planted a healthy seed piece of the variety 
Bliss Triumph. When the plants were 3 to 5 inches high, virus-free 
aphids were introduced into the cage and permitted to feed on the 
diseased and on the healthy plants. This method was used in prefer- 
ence to the one that was previously employed, in which aphids were 
colonized on a diseased plant in a separate cage and then transferred to 
healthy plants. It was thought that by allowing the aphids to feed 
alternately on a diseased and a healthy plant the possibility might be 
eliminated of the virus being destroyed witMn the aphid before it had 
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a chance to feed on the healthy plant. The tubers of each exposed 
iiill in the cage were harvested and planted in the spring of 1934, to 
determine the percentage of infection transmitted by the different 
species of aphids. The results showed (table 1) that a fairly high 
percentage of disease was transmitted by these insects. 

Table 1. — Residts of aphid transmission of potato virus diseases in 1933 and 1934; 
work done in field cages, as manifested by perfor7nance of 'progeny m 1934 and 
1936 

EXPERIMENT OF 1933-31 


Aphid 


Myzus pemcae 

Do 

Do - 

Do - 

Do - 

M. sola ni - 

Do. 

Do- 

Do.- 

Macrodphum (IlUnoia) sotanifolH^ 

Do 

Do 


Disease 

Hill lots 
planted 

Mild mosaic 

Number 

43 

10 

15 

42 

20 

51 

24 

27 

18 

14 

22 

30 

Crinkle mosaic 

Leaf-rolling mosaic 

Rugose mosaic 

Leaf-roll 

Mild mosaic. 

Crinkle mosaic - 

Rugose mosaic - 

Leaf roll 

Mild mosaic . 

Rugose mosaic 

Leaf roll 



Hill lots diseased 


Number 

Percent 

33 

77 

5 

50 

5 

33 

32 

76 

16 

80 

13 

26 

3 

12 

1 

4 

18 

100 

4 

28 

9 

i 41 

6 

i 20' 

1 


EXPERIMENT OF 1934-35 


Macrosiphum {IlUnoia) solanifolii. 

Mild mosaic 

34 

9 

Do 

Rugose mosaic _ 

16 

4 

Do 

Leaf roll — _ 

16 

12 

Myzus circumflexus 

Mdd mosaic _« 

22 

16 




In 1934 the same method of transfer was used as in 1933 to test 
Macrosiphum {IlUnoia) solanifolii and Myzus circumflexus as vectors 
of potato virus disease. The results are shown in table 1. 

During the autumn and wdnter of 1934 an effort was made to deter- 
mine the minimum number of aphids required and the length of time 
that the aphids must feed on diseased and healthy plants in order to 
transmit potato mosaic viruses. These studies were conducted in the 
greenhouse, and the same species of aphids were used as before, with 
the exception of Myzus persicae. The aphids were colonized on 
individually caged mosaic-infected potato plants, and a definite 
number of one species were transferred to young tobacco (Nicotiana 
tabacum L.) plants growing in pots. These plants were placed under 
a muslin-covered cage in an insectary in the greenhouse (fig. 1) and 
kept there for a week to 10 days, during which time the plants were 
examined two or three times and the aphids counted. In case fewer 
aphids than the original number were present, more were added. At 
the end of the feeding period the plants were placed in a fumigating 
box and the aphids were killed by Nicofume vapor. The tobacco 
plants were then kept in the greenhouse for observation. 

The results were not consistent. Mild mosaic and crinkle mosaic 
were transmitted from potato to tobacco by Myzus circumflexus^ M. 
solani, and Macrosiphum {IlUnoia) solanifolii. In some series 20 to 
100 percent of the plants became infected; in others, when the same 
species and the same number of aphids were left on the plants for the 
same length of time, infection did not occur. As few as five aphids 
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per plant have proved to be enough to cause infection, but often 
was no infection even under what seemed to be the most favorable 
coiKlitioiis from the standpoint of number of aphids used and the length 
of lime they wmre permitted to feed. The most consistent iiifection 
was secureci during the latter half of October and the first half of 
November in 1934. 

Occasionally under greenhouse conditions a high percentage of mild 
and (‘rinkle mosaic was transmitted from potato to tobacco, but at 
other times the results were entirely negative, although apparently 
the procedure was the same. This leads one to surmise whether such 
factors as light, humidity, or temperature, by affecting the physiology 
of the aphids may influence their capacity as vectors. 

It was definitely demonstrated that both mild mosaic and crinkle 
mosaic can be transmitted from potato to tobacco by the three species 
of aphids tested. Although more than 300 tobacco plants were used 
in these studies, not once was the latent or X virus found in “commer- 
cial healthy” American potatoes transmitted by any of the aphids. 
These negative results are in agreement with those of other workers. 
Only the mild mosaic and the crinkle mosaic components free from 
the latent virus were transmitted. There was no observable con- 
sistent difference in the symptoms produced by these two viruses on 
tobacco plants. Instead of a vein banding, a mottling developed 
which resembled the mild mottling sometimes produced by the latent 
or X virus. It was found that these different viruses could be readily 
distinguished, however, by inoculating infected tobacco plants witii 
tobacco mosaic. Tobacco plants infected with the X virus alone, 
upon the addition of tobacco mosaic, invariably develop a spot necrosis 
on the leaves, whereas the tobacco mosaic plants infected with the 
mild or crinkle mosaic virus free from the X virus develop only 
tobacco mosaic symptoms in addition to the mottling produced by the 
particular potato mosaic virus present. 

The symptoms produced on tobacco by aphid-transmitted mild 
mosaic and crinkle mosaic correspond to the symptoms observed when 
the mild mosaic and crinkle mosaic were transmitted to tobacco (o) 
from U. S. D. A. seedling 41956, which is immune from the latent or 
X virus (20). In both cases the latent component is removed from 
the virus complex. 

The aphid-transmitted crinkle mosaic and mild mosaic have been 
transferred from tobacco to Bliss Triumph and Green Mountain 
potato plants by juice transfers and also by stem grafting, the symp- 
toms being typical of each disease in these varieties. 

TESTS WITH INSECTS OTHER THAN APHIDS 

In 1931, 180 small cages, each covering three potato plants, were 
used to test the ability of different species of insects, which occur 
naturally on potato, to act as vectors of potato virus diseases. Sepa- 
rate rows of potato plants infected with rugose mosaic, mild mosaic, 
and leaf roll were planted in the field. By means of an insect net, 
sweepings of these diseased plants were made, and the different species 
of insects, namely, the flea beetle (Epitrix suficrinato), the spittle bug 
(Philaenus leucophthalmus) , the tarnished plant bug {Lygiis pratensis) , 
the lerrfhopper (iJmpoasca and Nobis coh 

from each diseased row, were segregated, and from 5 to 40 individuals 
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of each species were transferred to young plants from 4 to 6 inches 
high growing in cages. The tubers were saved from each caged hill 
to which insects had been admitted, and the next season they were 
planted as hill lots to determine the amount of disease, if any, that 
would be spread by the different species of insects. The results failed 
to show that any disease had been transmitted. 

The same species of insects were tested again in 1933 and 1934. In 
these experiments eight large muslin-covered cages, each covering about 
80 potato plants, were used. A row consisting of plants infected with 
one of the following diseases, namely, mild mosaic, crinkle mosaic, 
rugose mosaic, and leaf roll, was planted in the center of each cage! 
On each side of the center row were two rows of potatoes, each of a 
different variety. Insects were collected from healthy potato plants as 
previously described, and each cage received a different species. 
Additional insects were introduced each week, so that by the middle 
of the season several hundred insects belonging to one species were 
present in various stages of development in each cage. At harvest 
time each hill lot was saved and planted again as such the following 
spring. The results showed that these insects failed to transmit any 
of the diseases in 1933 and 1934. 

In 1933 Myzus persicae was introduced into one cage when the plants 
were quite large, and the following spring the tubers from the exposed 
plants were planted. The results were as follows: In the variety 
Earliest of All, 58 plants out of 63 had leaf roll and 5 were healthy; 
of the 29 Bliss Triumph plants, 21 had leaf roll, 5 mild mosaic, and 3 
rugose mosaic; of the 30 White Rose plants, 16 had leaf roll, 10 mild 
mosaic, and 4 rugose mosaic; and of the 23 Burbank plants, 21 had 
leaf roll and 2 were healthy. These results show that the conditions 
for transmitting the diseases were favorable. The fact that no trans- 
mission took place in the other large cages indicates that the insects 
tested other than aphids apparently are of minor if any importance in 
transmitting these potato virus diseases. 

FEEDING HABITS OF APHIDS 

A study of the feeding habits of the aphids showed that the species 
Myzus persicae, M. solani {fig. 2), and M. circumflexus (fig, 3), habitu- 
ally feed in the phloem tissue (table 2). Only on rare occasions do 
they miss the vascular tissues, but no evidence was found that they 
feed in tissues outside the vascular bundles. In the few cases where 
the stylets had penetrated cells other than those of vascular tissues 
there was no evidence of plasmolysis of cells such as occurs when 
feeding takes place. 

Thirty aphids of ^ the species Macrosiphum {Illinoia) solanifolii 
(fig. 4), with stylets in place in the tissues, were studied. More than 
half of these were feeding in nonvascular tissue (fig. 5). Many were 
feeding too far from vascular tissue to be within reach of it. A con- 
siderable part of the nonvascular tissue in both the stem and leaves 
was plasmolyzed, indicating that the apliids actually were feeding 
there. All the aphids of this species observed were feeding on tender 
stem tips, possibly the feeding habits would be different on older 
stems. '■ 
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Figure 2. — Section of a potato leaf showing the path of the stylet of Myzua solani. 
Notice that the path was intercellular through the cortex, and that the aphid 
was feeding in the phloem tissue. X 80. 


Table 2. — Feeding methods of diffe7'ent species of aphids 


Species 

Aphids 

observed 

Aphids 
feeding in 
phloem of 
leaves 

Aphids 
feeding in 
phloem of 
stems 

Aphids 
feeding in 
meso- 
phyil of 
leaves 

Aphids 
feeding in 
nonvas- 
cular tis- 
sue of 
stem 

Aphids 
feeding in 
vascular 
tissue 

Aphids 
feeding in 
nonvas- 
eular tis- 
sue 

M i/zus persicae „ . , 

Number 

Number 

Number 

Number 

Number 

Percent 

Percent . 

45 

44 

0 

1 

0 

97.8 

2.2 

AI. dr cum flex usi..,, 

27 

12 

14 

1 

■' ■ 0 

96. 3 

■' :'3.7. 

M. SQlani, 

25 

25 

0 

0 

0 

100.0 

' ■■ 

Alacrosiphum (IlLinoia) solani- 
folM 

30 

9 

5 

6 

10 

46.7 

. ■ 

53. 3' 
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Figure 3— Photograph from whole mount of leaf showing stylet of Mvzus 
cumflesm within tissues of vascular area. X 80. “ 


^ feedhi'in Macrosiphum (Illinoia) solanifoU 

of the cases observed in 47 percen 
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Figure 5. — Section of a potato stem showing the path followed by the stylet of 
Macrosiphuin {illinoia) solanifolii. Notice the plasmolysis of the cortex cells, 
indicating that the aphid was feeding in the cortex. This type of feeding was 
noted in 53 percent of the cases observed. X 80. 

DISCUSSION AND CONCLUSIONS 

Tlie results secured show that all four species of aphids tested can 
serve as vectors of leaf roll, rugose mosaic, crinkle mosaic, and mild 
mopic. Myzus fersicae^ M. cirmmfiexus^ and M, solani transmit 
leaf roll readily but often fail to transmit an accompanying mosaic 
when colonized on potato plants infected with a combination of leaf 
roll and one of the potato mosaics. The fact that in so many cases 
when aphids were taken from diseased to healthy plants leaf roll was 
transmitted to the exclusion of the mosaics indicates that the aphids 
fed on the source of infection as well as on the plants to be infected, 
and lack of transmission was apparently not due to the feeding habit^ 
Macrosiphum {Illinoia) solamfolii did not prove to be as effective a 
vector of leaf roll as the other three species of aphids studied, although 
OGcnsionally a high percentage of transmission of this disease occuiTed. 
This discrepancy can possibly be explained by its feeding habits. 
M, (/.) solanifolii fed in the vascular tissues in only 46.7 percent of the 
eases observed, and it was the only one of the lour species studied 
that fed less than 50 percent of the time in the vascular region. The 
others fed practically always in vascular tissue. Very little difference 
was observed in the ability of the three species of Myzus to transmit 
leaf roll. This evidence, although not conclusive, seems to indicate 
that phloem feeding is associated with the ability of aphids to transmit 
leaf roll. 

The fact that all three 01 /s species at times transmitted different 
potato viruses, whereas under apparently similar conditions they often 
failed to transmit the same viruses, suggests that the reason may be 
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plijsiological, and that perhaps such factors as light, temperature, or 
humidity may influence the virus within the aphid. Since in practically 
100 percent of the cases observed these three species fed consistently 
in the phloem region, it appears that the variation in results cannot be 
explained on the basis of their feeding habits. 

The fact that considerably more infection occurred when apliids had 
continuous access to the source of infection and the plants to be inoc- 
ulated than when they were directly transferred from a diseased to a 
healthy plant suggests that the mosaic viruses may have a short 
longevity in the aphids. 

Mild mosaic and crinkle mosaic were^ transmitted from potato to 
tobacco by Myzus circumjlexus, M, solani, and Macrosiphum (Illinoia) 
solamfolii^ although in many cases the results were entirely negative. 
As few as five aphids per plant have proved enough to cause infection. 

Three years^ testing of insects other than aphids, naturally feeding 
on potatoes, namely, the flea beetle {Epitrix subcrinata), the tarnished 
plant bug (Lygus praiensis), the leafhopper (Empoasca filamenta), 
the spittle bug (Philaenus leucophthalmus) , Si,iid Nabis alternatm 
failed to show transmission of any of the potato viruses studied. Since 
the conditions under which these experiments were conducted were 
ideal for transmission, and since aphids transmitted these diseases 
readily under similar conditions, it would seem that these insects are 
unable to transmit leaf roll, rugose mosaic, crinkle mosaic, and 
mild mosaic. 

SUMMARY 

It has been demonstrated that four species of aphids, namely, 
Myzus persicae, M. solanij M. circumflexuSj eluA Macrosiphum {Illinoia) 
solanifoliij under certain conditions are effective vectors of potato 
viruses. A much higher percentage of transmission of the potato 
mosaic viruses occurred when the aphids had continuous access to 
the source of infection and the plants to be inoculated than when 
they were transferred directly from a diseased to a healthy plant. 
This was not true of leaf roll, for by the latter method Myzus persicae, 
M. solani,^ and AI. circumfiexus generally caused a high percentage 
of transmission. Adacrosiphum (illinoia) solanifolii generally failed 
to transmit leaf roll by tlxis method, although occasionally a fairly 
high ^percentage of the leaf roll virus was transmitted by this species. 

Mild mosaic and crinkle mosaic free from the latent or X virus 
were transmitted from potato to tobacco by Myzus circumfiexus Jld. 
solani, Mid. Macrosiphum {Illinoia) solanifolii. 

Three years' testing of insects other than aphids, naturally feeding 
on potato plants, namely, the flea beetle {Epitrix subcrinata) ( iM 
tarnished plant bug {Lygus pratensis), the leafhopper {Empoasca 
filamenta), the spittle hug {Philaenus leucophthalmus),^ md Nabis 
aUernatus, failed to show any transmission of the potato viruses tested. 
The three Alyzus species tested habitually fed in the phloem, whereas 
Adacrosiphum {Illinoia) solanifolii fed in the vascular tissues in less 
than 50 percent of the cases observed. 
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VERTICAL MIGRATION. DISTRIBUTION. AND SURVIVAL 
OF INFECTIVE HORSE STRONGYLE LARVAE DEVELOP- 
ING IN FECES BURIED IN DIFFERENT SOILS ^ 

By John T. Luckee 2 

Associate zoologist, Zoological Division, Burean of Animal Industry, United States 
Department of Agriculture 

INTRODUCTION 

Quantitative experiments on vertical migration of infective horse 
strongyle larvae in soils of different types have been reported recently 
by the writer { 6 )} The investigation reported in this paper was 
undertaken to determine:^ (1) Whether infective larvae develop 
from horse strongyle eggs in fresh^ feces buried in soils of different 
t37pes; (2) the degree of vertical migration of the larvae in different 
types of soil; (3) the quantitative relationsliip between the number 
of eggs buried and the number of infective larvae reaching the surface 
of the soils at certain intervals; and (4) the distribution and total 
number of infective larvae present in the feces and soil at the expira- 
tion of these intervals. Obviously, the last three objectives could be 
realized only if development of infective larvae occurred in the buried 
feces. The work was carried out at the Agricultural Research 
Center, Beltsville, Md., from August 26, 1936, to March 22, 1937. 

PROCEDURE AND APPARATUS 

For this investigation, sandy clay loam, coarse sand, fine sandy 
loam, and clay soils were obtained from areas not occupied by horses. 
For sterilization, soil of each of these four types was separatelv placed 
in a lidded, metal-lined box provided at the bottom with a coil of per- 
forated pipe connected to a steam boiler. Steam under a maximum 
boiler pressure of 25 pounds was admitted for 1 hour into the sterilizer 
containing the soil. Thermometers inserted in the soil at various 
points indicated that it was heated to temperatures of 180° to 212° F. ; 
these temperatures are definitely known to be lethal to strongyle 
eggs and larvae. When examined by means of the Baermaim appa- 
ratus, samples of soil so treated did not contain living nematode larvae. 

Four containers were used for each type of soil. Each container 
consisted of a watertight, galvanized sheet-metal box 12 inches 
square and 4 inches deep and a piece of galvanized furnace pipe 10 
inches in diameter. The length of the pipe in individual containers 
exceeded by about 5 inches the desired depth of burial of the feces in 
the soil subsequently placed in each container. In placing soil in a 
container, the box was first filled to a depth of about 3^2 inciies. The 
pipe was placed centrally on the soil in the box, and its lower edge 
was pressed down about one-half inch into the soil. The pipe was 
then filled with soil to within an inch of its upper edge. 

1 Received for publication, February 4, 1938; issued September, 1938. 

The writer is indebted to J. S. Andrews and A. G. Dinaburg, of the Zoological Div ision, for making the 
statistical analysis of the data in tables 2 and 3. 

- Italic numbers in parentheses refer to Literature Cited, p. 347. 
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fteshly passed horse feces of two separate lots, collected on ■ 

dates, were used for this investigation. Each lot of fA/>oc, ^ 
by a single horse. The fecal balls of each lot were 
up and thoroughly mixed Four-g samples from various pSs^7 ?v" 
fecal mass comprising each lot were taken for egg counts^ 
count method described by Stoll (IS) was used. Two 1 15-. oorffF' 
of feces of each of the two lots were cultured in skss confo? ‘ 
room temperature for about a week. The cultures were f ken It 
for infective larvae, and the average number recovered from ih77^^ 
cultures of each lot was noted. 

^ An hour or two after their collection, the feces were buried fn +i 
desired depth in the soil in the various containers as follnwa- 
weighed quantity of the feces was placed at the bottom of a cylindricaf 

flat-bottomed wirebas^. 



Kct, 3 inches in diam- 
eter. The basket was 
niade of galvanized- 
wire screen having 
about 64 meshes to the 
square inch. The depth 
of the basket was 3 in- 
ches greater than the 
depth to which it was 
desired to bury the 
feces. Thequantityof 
leces used filled approx- 
imately the bottom s^ 
mches of the basket, 
punng transfer of the 
feces to the basket, a 
paper insert prevented 
contact of the feces 
ydth the upper part of 
the basket. A circular 
piece of screen about 
2% inches in diameter 

basket on the upper surface of the teces. A cenSe^!,ay7ti™‘Iho, fl 


buried to a depth 
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occasions the surface layer of soil in various containers became dry. 
tilieiiever this was noted, ^ water was promptly added. During the 
iiivestigation the soil containers were kept in a room of a large budding 
having southern and eastern exposures. From August 26, 1936, to 
October 15, 1936, outdoor temperatures in the vicinity of the building 
ranged from a maximum of 91° F. to a minimum of 39°; the mean 
temperature was 67°. During the remaining period of the investiga- 
tion, the building was heated. Although the room used was not 
provided with a radiator, the temperature in it at all times remained 
above the freezing point. From October 28, 1936, to March 22, 1937, 
a maximum and minimum recording thermometer was kept in the 
room. Readings taken at frequent intervals indicated that the usual 
range of temperature during this time was from about 45° to 65°; a 
minimum of 38° and a maximum of 76° were recorded. 

At various intervals after the feces were buried, a thin layer of soil 
about one-sixteenth to one-eighth inch in depth was scraped up with a 
spoon from the entire surface of the soil in the cylindrical part of each 
container. This soil was transferred to a Petri dish and examined for 
infective larvae soon after its collection. At intervals the soil thus 
removed was replaced by moist sterilized soil of the same type so as 
to maintain approximately the original surface level. Since the object 
of the examinations was to compare the degree of upward migration of 
larvae from the feces to the surface of the various soils, the surface of 
the soil in the box surrounding the pipe was not examined. Subse- 
quent references to surface soil indicate soil from the pipe only. 

At the expiration of desired intervals after burial of the feces, the 
removal of surface soil for examination was discontinued. Shortly 
thereafter, the contents of eight of the containers, two of each type 
of soil, were examined according to the following procedure: 

A brass tube 1 inch in diameter and of suitable length was inserted 
in the soil in the pipe at a locus just alongside the outer edge of the 
wire basket and, hence, about 2 inches from the center of the soil. 
The tube was forced downward until the bottom of the box was 
reached. The soil removed when the tube was withdrawn was 
examined for larvae. A second column of soil was similarly obtained 
from a locus close to the edge of the pipe and, hence, about inches 
from the center of the soil; this soil was also examined for larvae. 
The soil was then removed from the wire basket down to the level 
of the wire disk resting on the feces, various levels of the soil being 
sei)arately removed and separately examined for larvae. The wire 
basket was then readily withdrawn, and the feces were removed from 
the basket and examined for larvae. All soil remaining in the pipe 
was removed down to the level of the surface of the soil in the box. 
This soil was placed on a large sheet of heavy paper and thoroughly 
pulverized and naixed. It was then rolled about on the paper for at 
least 30 minutes in the way thaf ores are sometimes mixed for sampling. 
Two samples of the soil, each 16 cubic inches in volume, were removed 
and examined for larvae. From the average number of larvae 
recovered in these two samples, the total larval content of the known 
volume of soil removed from the pipe was computed. The empty 
pipe was lifted from the soil in the box. By means of the brass tube, 
a column of soil was removed from the center of the box and a second 
sample was taken from one corner of the box; these were separately 
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examined for larvae. The soU remaining in the box was removed 
subjected to the process of mixing, sampling, and examimtinn 

E'lZ'juw" ‘PP™- P'-Ur of l.™o 

The object of removing, by means of the brass tube, vertical colum,,. 
ol sod from the specified locations was to permit compariSron e 

dilfo^T f ui equal volumes of soil near the feces and horizontallv 
distant from it. Owing to compaction of the soil as the hlK. ^ 
forced downward and to other factors, the height of the column^ nf 
soil removed by the tube was always less than the actual depthTf sod 
containers. The quantity removed was also influenced by t£ 
type oj sod, but in a given type, approximately the same quaLhv 
w as withdrawn by the tube after msertion at comparable loci ^ Hencp 
comparisons of the number of larvae recovered in these annroxim!?^! ’ 
equal volumes of soil from different horizontal loci gave an iSx Id 
the degree of lateral migration from the feces in a particular s“d 

of the Baermann isolation apparatus. The depth of soil placed ^ f h ! 

mdiYidual Baermann apparatus did not exceed one\alf 
mcli. A piece of muslin or silk bolting cloth was nlacedl nn fh^ 

in thflf ^ particles of soil. The soil or feces remS 

^'PP^catus a minimum of 48 hours before fluid was 
withdrawn from the bottom of the rubber tube. Successive quantS 
xpafnK 10 CC m volume, were withdrawn into^Syracuse 

imHl successive withdrawals werrcSSd 

noll^vL^ two watch glasses e.xamined contained 

no Iciivae. Occasionally, when relatively lar^e numbers of 

few in the fluid, withdrawals were discontinued when the 

few laivae found in the contents of the last few watch-elass samnles 
exaimned were a negligible percentage of the total number of Kae 
previously recovered. On recoveries of up to about 1 non lit 
counts were direct. A ruled watch glass or^ Scott countin ' s^^^^^^^^ 
used in making these counts. When lareer numbers nf ^ 

recovered, cooots were made by m,«L K dflXn melS:™' ™'‘ 

experimental data 

STRONGYLE EGG CONTENT OP THE FECES BURIED AND PERCENTAGE OP 
DEVELOPMENT IN CULTURES 

data of table 1 , the strongyle 02:2^ content of 1 1 o* 

0 rv ‘’'no ‘ ™ ‘^e 0( rf f cl 

4 ^prod„c?bS:Ta^lf r Sd?eaSt 

of development obtained in the cUtmltt feet of tKITfor®* 
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Table 1.— -Strongyle egg content of each of 2 lots of feces and percentage of develop- 

ment in cultures 


Bate feces 
were collected 

Egg counts 

Eggs per 
gram of feces 
(average of 
all counts) 

Eggs in 
115 g of 
feces 

Infective 
larvae from 
cultures of 
115 g of feces 
(average of 2 
cultures) 

Bevelopment 
of eggs to 
infective . 
larvae in 
cultures 
(average of 2 
cultures) 

Aue. 26, 1936 
Sept. 4,1936 

1 Number 

4 

11 

Number 

1, 802 
933 

Number 
207, 230 
107, 300 

Number 

77, 140 
43, 800 

Percent 

37.' 2 
40.8 


RECOVERY OF INFECTIVE LARVAE IN THE SURFACE LAYER OF SOILS 

Tlie data on recovery of infective larvae in tlie surface layer of the 
four types of soil (tables 2 and 3) show that infective larvae developed 
from strongyle eggs contained in horse feces buried 3%, 6K, and 
10)^ inches in fine sandy loam and coarse sand, and 3, 6, and 8 inches 
in sandy clay loam, but afford no evidence as to development in feces 
buried m clay soil, since no larvae were recovered in the series of the 
examinations of the surface layer of this soil. On the sixth day after 
burial of the feces to depths of 3 to 3K inches, some larvae reached 
the surface of sandy clay loam, coarse sand, and fine sandy loam. 
The interval between the burial of the feces and the first recovery of 
infective larvae in the surface layer of these three types of soil tended 
to increase with increased depth of burial. An inverse relationship 
between the total number of larvae recovered from the surface of each 
of the three types of soil, and the depth of burial of the feces is shown 
by the data. 

The rate of migration of infective larvae to the surface of sandy 
clay loam, coarse sand, and fine sandy loam, after burial of the feces 
to any of the four depths tested, showed marked irregularity. The 
rate tended to reach a maximum within about 6 weeks after burial 
of the feces and to decline irregularly thereafter. 

Comparison of the total number of larvae reaching the surface layer 
of the different soils in about 3K to 5K months shows that the greatest 
number of larvae reached the surface of fine sandy loam soil; this was 
true for each of the four depths tested. The number of larvae re- 
covered from the surface layer of the other soils during a similar period 
were of decreasing magnitude, according to the following sequence: 
Coarse sand, sandy clay loam, and clay. This sequence was appli- 
cable to any of the four depths of burial. In the interval mentioned, 
the surface of fine sandy loam and coarse sand yielded considerable 
numbers of larvae. The maximum number, equivalent to 8.9 percent 
of the buried eggs, was from the surface of fine sandy loam after burial 
of the feces 3}^ inches. However, when the depth of burial of feces was 
8}> or IOI 2 inches in either fine sandy loam or coarse sand, the larvae re- 
covered from the surface during the period of observation represented 
less than 1 percent of the eggs buried. Insignificant numbers of 
larvae, representing negligible percentages of the eggs buried, reached 
the surface of sandy clay loam in 101 to 171 days after burial of the 
feces 3 to 8 inches. 




Infoc-t ivo liirv5M‘ rccovc'red in surface soil removed at imlicaled number of days after burial of feces 



342 


Journal of Agricultural Research 


Vol. 57, No. 5 


Statistical analysis of the data in tables 2 and 3, naade by Fisher’s 
metliod (-5), showed that depth of burial independent of soil'type, and 
soil type independent of depth of burial, had a greater effect on number 
of larvae recovered than did sampling and random variation. No 
significant difference was found between the effects of soil type and 
depth of burial. 

EFFECT OF SOIL TYPE AND DEPTH OP BURIAL ON DISTRIBUTION AND NUMBER 

OF LARVAE 

The data on the distribution and number of larvae in the feces and 
soil in eight of the containers (table 4) show that many infective larvae 
developed from eggs in feces buried 3K and 8^ inches^ in clay soil. 
Development of larvae in feces buried in this soil was not evident from 
the data presented in table 2. Table 4 also shows that about 3^ 
to 6 months after the feces had been buried 3K or 8)^ inches in clay or 
3 or 8 inches in sandy clay loam, comparatively large proportions of 
the larvae recovered occurred in the feces and in the soil immediately 
above the feces. In coarse sand and fine sandy loarn, however, there 
was somewhat more uniform distribution of larvae with respect to the 
feces and the soil at all levels directly above it. This tendency toward 
uniformity of vertical distribution of the larvae was most marked in 
fine sandy loam after burial of the feces to a depth of 3K inches. These 
facts are in harmony with the comparative degree of migration to the 
surface layer previously shown to occur in the respective soils from the 
respective depths (3 and 8 inches in sandy clay loam; 3K and 8% 
inches in the other soils). 

Table 4. — Number and distribution of infective larvae in feces and soil in 8 containers 


o 



o -- 




Larvae recovered 
in columns of 
soil removed at 
indicated hori- 
zontal loci 


Larvae in soil removed from in- 
dicated levels within wire basket 


Soil type 

Distance from surfa 
surface of s 

Interval from burial 
of examination of s( 

2 inches from center 
of cylinder 

4.H inches from cen- 
ter of cylinder 

Center of box 

Corner of box 

Surface to 1-inch 
level 

1- to 2-inch level 

2-inch level to sur- 
face of feces 

Surface to 2-inch 
level 

1 

i 

p 

o 

4- to 6-ineh level 

6-inch level to sur- 
face of feces 

Sandy clay 
loam 

In. 

/3 

Days 

110 

No. 

465 

No. 

0 

No. 

64 

No. 

0 

No. 

31 

No. 

181 

No. 

13,729 

No. 

No. 

No. 

No. 

1814 

173 

413 

1 

191 

0 

0 

”'6 

8 

4,500 

Fine sandy 
loam 

126 

178 

0 

2 

0 

411 

275 

624 




1834 

rsH 

173 

68 

56 

15 

0 

39 

, 

"266 

248 

1,045 

Coarse sand... 

146 

49 

1 

4 

0 

40 

61 

112 

18 

180 

69 

5 

0 

0 

3 

”20 

23 

91 

'XT' 

m 

152 

5 

0 

0 

0 

0 

0 

6,035 



\8H 

187 

53 

0 

6 

0 



6 

"”5 

i 

17 

143 










1 

1 





Larvae 2 in 


I 

' remainder 

Total 

4h 

of soil in-- 

larvae 

reJ 



t re- 

<33 



eov- 

> 



ered 

O 








o 




> 

esJ 

Cyl- 

inder 

Box 






No. 

No. 

No. 

No. 

8,200 

38, 534 

595 

61, 799 

6, 575 

16, 850 

1, 458 

29, 996 

442 

1, 984 

68 

3,984 

453 

5, 030 

365 

7,685 

976 

1,094 

; 54 

2, 381 

216 

436 

0 

863 

4, 120 

1, 874 

14 

12,048 

1,436 

1, 524 

248 

3, 427 


1 The distances shown were measured when the soil was excavated from the wire baskets and in most cases 
differ slightly from those given in tables 2and 3, which were the original depths of burial. These differences 
were caused by settling of the soil and compaction of the feces. 

2 Computed from number of larvae recovered in samples. 


^ These and other depths of burial subsequently mentioned are the original depths of burial; as indicated 
in table 4, unimportant slight variations from these depths were noted when the soil was excavated from the 
containers. 
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Data on larvae recovered from two horizontal loci in the cylindrical 
part of the containers (table 4) show that in about 8)2 to 6 months after 
burial of the feces to depths of 3 to 3K and 8 to 8% inches in the four 
tvpes of soil, larvae were mainly concentrated in the soil horizontally 
near tlie location of the feces. However, in fine sandy loam, after 
burial of the feces to a depth of 8)2 inches, a considerable degree of 
horizontal migration of the larvae occurred. The data suggest that 
the degree of horizontal migration was affected by the type of soil 
in which the larvae were present and that in a given soil it tended to 
increase with increased (depth of burial. 

The recovery of infective larvae in the soil in the eight boxes indi- 
cates a general tendency for a small proportion of the larvae develop- 
ing in the feces to pass downward in the soil. Except in coarse sand, 
the proportion of larvae which migrated downward was larger when 
the feces were buried to the greater of the two depths. The larvae 
were evidently located mainly in the central part of the box since none 
were found in the soil removed from one corner of each box. 

That the total number of larvae remaining in the fecal and soil 
content of the eight containers 3^ to 6 months after burial of the feces 
was influenced by the type of soil in which burial occurred is indicated 
by the data in table 4. Most striking are the comparatively small 
numbers of larvae recovered in coarse sand and the comparatively 
large numbers recovered in sandy clay loam. In each of the soils, 
except fine sandy loam, the number of larvae recovered after burial of 
tiie feces at a depth of 3 to 3 K inches was considerably greater than the 
number recovered when burial was at a depth of 8 to 8K inches. An 
influence of depth of burial on development or survival, or both, is 
indicated. However, from 34 to 63 days intervened between examina- 
tions of the contents of the series of containers in which burial of the 
feces was 3 to inches and the series in which it was 8 to 8K inches. 
It is possible, therefore, that the results may have been influenced to 
some degree by death of larvae during these intervals. 

RELATION BETWEEN NUMBER OP INFECTIVE LARVAE RECOVERED AND NUMBER 

OP EGGS BURIED 

Table 5 shows the relation between the total number of larvae 
recovered from two containers of each of the four types of soil and the 
total number of strongyle eggs in the feces buried in these containers. 

The percentage relationship between total number of infective 
larvae recovered and eggs buried was greatest in sandy clay loam for 
both depths of burial. The total number of larvae recovered after 
burial of the feces 3 inches in tliis soil closely approached the average 
number obtained in two control cultures of feces of lot 1. For the 
other three soils, the percentage of eggs recovered as infective larvae 
decreased in magnitude according to the following sequence: Fine 
sandy loam, clay, and coarse sand. This sequence applies to both 
depths of burial. In all four types of soil, the total number of larvae 
recovered in relation to eggs buried was greater when burial of the 
feces was at the shallower of the two depths. This is in agreement 
ydth the statement previously made concerning the probability that 
increased depth of burial caused an increase in deleterious effect. 
Table 5 also shows that in clay or sandy clay loam the migration of 
infective larvae to the surface after burial of the feces at a depth of 
3 to 3I2 or 8 to 8K inches was either entirely prevented or greatly 
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inhibited. However, in fine sandy loam or coarse sand, a majority of 
all the larvae recovered in the indicated intervals after burial of "the 
feces at a depth of 3K inches had reached the surface layer. 



T.\blb S. — Relation between number of larvae recovered from 8 containers and 
number of eggs originally buried 


Soil type 

Eggs 

buried 

Dis- 
tance 
from 
surface 
of feces 
to sur- 
face of 
soil i 

Inter- 
val 
from 
burial 
of feces 
to final 
exami- 
nation 
of sur- 
face 
soil 

Larvae recov- 
ered from 
surface soil 

Interval 
from 
burial of 
feces to 
removal 
and ex- 
amina- 
tion of 
feces and 
soil from 
contain- 
ers 

Larvae recov- 
ered from feces 
and soil upon 
removal from 
containers 

1 

Total 

larvae 

recov- 

ered 

Pro- 
por- 
tion of 
larvae 
recov- 
ered to 
, eggs 
buried 


I 

1 Number 

' Inches 

Daps 

Num- 
ber 2 

Per- 
cent 3 

Days 

Num- 
ber * 

Per- 
cent 3 

Num- 

ber 

Per- 

cent 

Sandy clay loam. 

1/207,230 
11207, 230 

\ 3 

101 

152 

0.25 

1 110 

61, 799 

99. 75 

61, 951 

29.9 

m 

171 

2 

.007 

i 173 

29, 996 

99. 99 

29, 998 

14.5 

Fine sandy loam. 

1/107, 300 

i 3M 

126 

9, 562 

70.6 

126 

3, 984 

29.4 

13,546 

12.6 

i1 107, 300 

m 

162 

920 

10.8 

173 

7, 585 

89.2 

8,505 

7.9 

Coarse sand 

/107,300 

3H 

126 

2,770 

53.8 

146 

2, 381 

46.2 

5, 151 

4.8 

1.3 

4107,300 

1 8 

162 

496 

36.5 

180 

863 

63.5 

1, 359 

Clay-—.- 

/107, 300 

m 

126 

0 

0 

152 

12, 048 

100.0 

12. 048 

11.2 

1107,300 

8H 

162 

0 

0 

187 

3, 427 

100. 0 

3, 427 

3.2 


J See footnote 1 of table 4. 

2 As shown in tables 2 and 3. 

Represents the percentage of the total number of larvae recovered. 

^ As shown in table 4. 

DISCUSSION 

Ackert (1) and Payne (9) have reported that eggs of the human 
hookworm (Necator americanus) hatched in feces buried to various 
depths beneath different soils and that there was subsequent migra- 
tion of infective larvae to the soil surface. So far as has been deter- 
mined by a review of the literature, the only similar study dealing 
with the effects of burial of feces in soil on the development of eggs 
of strongyle parasites of domestic animals has been reported by 
Spindler (12). He found that when eggs of Oesophagostomum denta- 
turn, the common nodular worm of swine, were buried outdoors at 
various depths beneath the surface of sandy clay soil, they hatched 
and the larvae migrated to the surface. 

That burial of feces containing horse strongyle eggs in soils likewise 
did not prevent development of infective larvae in the feces is amply 
sho\Yn by the data of the present paper. The data pertaining to 
vertical migration of infective horse strongyle larvae in the soils 
used in this investigation and the results of the writer's (6) earlier 
experiments, in which larvae already in the infective stage were buried 
in similar soils, agree in indicating a lack of migration to the surface 
in clay soil and an inverse relationship between depth of burial and 
number of larvae reaching the surface in other soils. A detailed com- 
parison ^ of the mathematical results of the two investigations is 
impracticable for obvious reasons. However, both investigations 
show that lighter soils, such as fine sandy loam, are most favorable 
for vertical niigration of horse strongyle larvae. 

The quantitative data supplied by this investigation are in part 
based on methods and procedures generally used in experimental 
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lielniiBtliology. That these and other methods of this investigation^ 
adopted as the most suitable available, do not yield wholly accurate 
results is recognized. Since the procedures used were carried out in 
as uniform a manner as possible, the mathematical values obtained 
are regarded as satisfactory for comparison of the effect of burial at 
the different depths in the different types of soil on the eggs and 
resultant larvae. The purpose of the quantitative procedure used 
was to provide an approximate basis for conclusions for which quali- 
tative data would afford no basis. 

The experimental results were obtained under intentionally re- 
stricted conditions as to variation in temperature and moistuio. 

Temperatures in the room where the soils were kept were never so 
low as freezing, nor excessively high. It appears that these condi- 
tions of temperature were more favorable for development of the eggs 
and migration of^ the larvae than might frequently be encountered 
under field conditions. Whether these conditions of temperature 
were favorable or unfavorable for survival of the larvae is less evident. 
Augustine (S) has studied the influence of temperature on the life span 
of infective larvae of the human hookworm {Necator americanus) , 
Larvae on soil were exposed to temperatures of 0"^, 16°, 20° to 31°, 
35°, and 40° C.; the larvae kept at 16° survived longest. Payne {10) 
found that the activity of infective larvae of this species increased 
with increased temperatures up to 35° C. According to Augustine {2)^ 
environmental conditions, such as tropical temperatures which tend 
to increase the activity of rnature hookworm larvae, will shorten their 
lives by the more rapid using up of the stored food material The 
abundance of food granules has been considered by Payne {10) to be 
an index to the ^^physiological age” of the larvae. Some other investi- 
gators have reported that infective larvae of human hookworms sur- 
vive longest at room temperature. Horse strongyle larvae are known 
to be unusually resistant to low temperatures. Alternate freezing and 
thawing has been found by Ober-Blobaum (7) to be more quickly 
lethal to these larvae than continuous freezing. The range of tem- 
peratures optimum for the survival of infective horse strongyle larvae 
has not been experimentally determined, so far as the writer is aware. 

During this investigation, the soils were kept moist at practically 
all times, a condition favorable for development of the eggs and larvae 
and doubtless more conducive to the migration of the infective larvae 
than would occur ordinarily in a similar period in the field. WTether 
such a more or less uniform moisture content of the soil was favorable 
to the survival of the larvae is difficult to determine from such experi- 
mental evidence as is available. Augustine (3) found the length of 
life of infective larvae of Necator americanus to be longer in moist 
soils than in water-covered soils, drying soils, or soils subjected to 
alternate diying and moistening. Payne {8) also found a high death 
rate of human hookworm larvae in waterlogged soils. So far as the 
writer is aware, the effect of moisture content on the length of life of 
horse strongyle larvae in soils has not been studied. These larvae 
may live^ at least 6 to 8 months in water, according to the reports of 
various investigators summarized by Enigk {Jf}, Horse strongyle 
larvae, moreover, are very resistant to drying. A fraction of 1 per- 
cent of more than 1,000 larvae kept in a dry condition on a glass sur- 
face for 4di years were viable, according to Enigk (4). Raffensperger 
{11) reported that all larvae exposed to drying in an. incubator at 
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24^-26® C. for 6 months were dead; about 10 percent survived expo- 
sure for 4 months and 2 days* Alternate drying and wetting reduces 
the survival of the larvae, according to Ober-Blobaum (7). Taylor 
(14) states that stability of moisture content in the loose soil of tilled 
land favors the survival of larvae of sheep nematodes as compared 
with survival under conditions of rapid alternation of moisture and 
dryness. In the paper referred to, Taylor does not give the experi- 
mental basis for this statement. 

It thus seems likely that, in this investigation, temperature and 
moisture were favoraWe for the development of eggs and larvae and 
were more favorable for migration of infective larvae than would 
ordinarily be the case under outdoor conditions. It is less likely that 
the experimental temperatures and degree of moisture were parti- 
cularly favorable to survival of the larvae. Conditions similarly 
aiffecting survival of the larvae would occur in regions having relatively 
warm fall and winter seasons with frequent rainfall. 

However, general interpretation of the results of this investigation 
in relation to the control of strongyle parasitism in horses would 
involve a priori judgments as to the probable effect of many factors 
not operative in the experiments but capable under field conditions of 
producing results differing from those obtained in the laboratory. 
From this investigation, and from another reported earlier by the 
writer (6'), fundamental information on the behavior of buried horse 
strongyle eggs and larvae has been obtained, but the extent to which 
the laboratory results may be altered under actual field conditions 
can be determined only by experimental investigation under such 
conditions. Until such field tests have been completed and the 
practicability of the measure ascertained, plowing under of infested 
soils is not advocated for the control of horse strongyles. 

SUMMARY AND CONCLUSIONS 

Burial of freslily passed horse feces containing strongyle eggs in 
four types of soil did not prevent development of infective larvae in 
the feces. 

Insignificant numbers of infective larvae, representing 0,0009 to 
0.07 percent of the eggs buried, reached the surface of sandy clay 
loam in 101 to 171 days after burial of the feces to depths of 3, 6, and 
8 inches. No infective larvae had reached the surface of this soil 
171 days after burial of the feces to a depth of 10 inches or the surface 
of clay soil in 126 to 162 days after burial of the feces 3)i to 10^ inches. 
However, the deeper soil layers and the feces still constituted impor- 
tant sources of infective larvae about 4 to 6 months after burial of 
the feces to depths of 3 to 3K and 8 to 8)^ inches in these soils. 

Infective larvae reaching the surface in 126 to 162 days after burial 
of the feces 3^ to 10)^ inches in fine sandy loam and coarse sand 
represented 0.04 to 8.9 percent of the eggs buried. Less than 1 per- 
cent of the eggs buried were represented by infective larvae reaching 
the surface of these soils from depths of 8H and lOK inches. Fine 
sandy loam was the most favorable soil for vertical migration of the 
infective larvae. Some infective larvae reached the surface of fine 
sandy loam, coarse sand, and sandy clay loam on the sixth day after 
burial of the feces to a depth of 3 or 3J^ inches. The ratio of infective 
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larvae i’eaciiiiig tlie surface to eggs buried was inversely related to 
cleptli of burial in these three types of soil. 

A considerable proportion of the larvae remained in the feces and 
the soil immediately above it 110 to 187 days after burial of the feces 
to (leptlis of 3 to 3% and 8 to 8}i inches in clay and sandy clay loam. 
More imiform distribution of the larvae with resjpect to the feces and 
(lie soil at various levels above it occurred in fine sandy loam and 
coarse sand. The degree of horizontal migration of larvae from the 
buried feces was, in general, not extensive; it apparently was affected 
hy soil type and depth of burial. A general tendency for a small 
proportion of the larvae to pass downward in the various soils w^as 
shown. In three of the soils, this proportion was larger after burial 
of the feces to the greater of the two depths. 

The total number of infective larvae reaching the surface in 101 to 
152 (lays and the residuum of larvae in the feces and the soil 110 to 152 
(lays after burial of feces 3 to 3)^ inches in soils of the four types, ac- 
counted for 4.8 to 29.9 percent of the eggs buried. Of the eggs buried, 
1.3 to 14.5 percent were represented by infective larvae reaching the 
surface in 162 to 171 days and remaining in the feces and soil 173 
to 187 days after burial in the four types of soil to depths of 8 to 8K 
inches. These percentages were highest for both depths when burial 
w^as in sandy clay loam, intermediate in clay or fine sandy loam, and 
lowest in coarse sand. 

Statistical analysis of the data on larvae recovered from the surface 
of the soils showed that migration to the surface was significantly 
affected by soil type. This factor also appeared to influence the num- 
bers of larvae persisting in the feces and deeper soil layers a few 
months after the feces were buried. Increased depth of Durial in a 
given soil clearly reduced the degree of migration of infective larvae 
from the feces to the soil surface. Statistical analysis also showed 
that the effect of depth of burial, independent of soil type, was sig- 
nificant. Depth of burial also appeared to be a factor in determining 
the development or persistence of larvae in the feces and deeper soil 
layers. It is probable that the inverse relationship between depth of 
burial and amount of migration of larvae to the surface is in some 
degree related to the eflPect of depth of burial on larval development, 
or survival, or both. Deleteiious effect on development of larvae and 
on survival of larvae cannot be differentiated by the data of this 
investigation. 
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EFFECT OF INFESTATION WITH THE NEMATODE 
COOPERIA CURTICEI ON THE NUTRITION OF LAMBS ^ 

By John S. Andrews 2 

AMsistant zoologist. Zoological Division, Bureau of Animal Industry, United States 
Department of Agriculture 

INTRODUCTION 

Three major hypotheses have been advanced to explain the manner 
in which metazoan parasites living in the alimentary tract of verte- 
brates harm their hosts. According to one hypothesis, parasitic 
worms produce toxic substances which are absorbed by the host and 
cause the resulting pathological condition. Schwartz {IJff reviewed 
the literature on tliis subject and published the results of experiments 
which showed that extracts prepared from the tissues of five species 
of parasitic nematodes and one species of cestode contained hemo- 
lytic substances. Schwartz concluded that hemolytic and other 
hemotoxic secretions of parasitic worms were probably of etiological 
importance in parasitic disease. 

According to a second hypothesis, the abstraction of blood by para- 
sitic worms induces an anemic condition similar to that produced by 
chronic hemorrhage. Flu (4) did not find hemolysins in the tissues 
ojf the dog hookworm {Ancylostoma caninum). Like previous investi- 
gators, he found, however, an anticoagulin in the anterior portion of 
the worms. Assuming that the anticoagulin allowed profuse hemor- 
rhage to occur. Flu inclined to the theory that chronic hemorrhage 
was the cause of anemia in hookworm disease in dogs. Wells {W, 21) 
by direct observation demonstrated that A. caninum was a persistent 
bloodsucker. Following up the observation of Wells, Foster and 
Landsberg (5) made a study of the changes in the blood of dogs ex- 
perimentally infested with A, caninum. They concluded that the 
symptoms of hookworm disease in dogs resulted from a blood loss 
at the site of the injuries produced by the worms in the intestinal 
mucosa. These workers were able to reproduce similar symptoms in 
uiiinfested dogs by periodic bleeding. Fourie {6) concluded from ob- 
servations on the blood of sheep infested with the stomach worm 
(Haemonchus contortus), that the ingestion of blood by these worms 
and the resultant bleeding from the wounds produced by the parasites 
were the causes of the anemia associated with Haemonchus infection, 
this anemia being similar to that produced by severe hemorrhage. 

According to a third hypothesis, parasitic worms produce anti- 
enzymes which inhibit the action of the enzymes in the digestive 
juices of the host, thus producing a state of chronic malnutrition. 
Stewart {17) and Shearer and Stewart {15) investigated the metabo- 

1 Received for publication March 11 , 1938; issued September 1938. 
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lism of heavily parasitized lambs. ■ Stewart assumed that these 
lambs contained infestations similar to those in lambs from the same 
general area that had been examined post mortem and found to harbor 
the following nematodes: Haemonchus contortus, Ostertagia circum- 
cinctaj Trichostrongylus extenuatus, Bunostomum trigonoceyJialum 
Gooperia curticei, Nematodirus filicollis, Strongyloides papillosus, t[ 
coluhriformis, T. vitrinus, and Trichuris ovis. The average number 
of worm eggs passed by a lamb in a 24-hour period was used by these 
authors as an index of the relative number of nematodes present in 
the host animal during each nutrition period of 14 days. Stewart 
reported that as the daily average number of worm eggs decreased, 
the digestibility coefficients of the crude-protein and crude-fiber por- 
tions of the ration increased. Shearer and Stewart found that more 
calcium and phosphorus were stored by lambs^ passing^ relatively 
small numbers of worm eggs than by those passing relatively large 
numbers of eggs. Stewart suggested that the inability of the infested 
lambs to make use of these components of the ration might be due to 
an antienzyme, which he demonstrated in the tissues of the parasites 
(18), According to Stewart, this antienzyme or ^ffiezyme^^ might con- 
ceivably; be present during heavy infestations in a quantity sufficient 
to impair seriously the function of the enzymes in the digestive juices 
of the host, and thus produce the condition of chronic malnutrition so 
characteristic of parasitic infestations. 

Since the last-mentioned observations were made on lambs harbor- 
ing a mixed infestation of nematodes, it occurred to the writer that a 
study of the metabolism of lambs infested with single species of para- 
sites might yield useful information. Accordingly, the present 
investigation was undertaken at the Agricultural Research Center at 
Beltsville, Md, 

MATEKIALS AND METHODS 

Four pairs of cross-bred Hampshire-Southdown wether lambs were 
selected for this work. Males were used because the separate col- 
lection of urine and feces in animals of this sex was a relatively simple 
matter. Lambs 60 and 61 (pair No. 1) and lambs 62 and 63 (pair 
No. 2) were bom March 2, 1934, weaned the first week in May, and 
placed on experiment June 18, 1934. Lambs 64 and 65 (pair No. 3) 
were bom March 26, 1934, weaned the last week in May, and placed 
on experiment July 16, 1934. These three pairs of lambs were born 
at the Agricultural Research Center, Md. Lambs 101 and 102 (pair 
No. 4) were received from the University of Maryland, College Park, 
Md., May 12, 1936, when about 10 days old, and were bottle-fed 
cow^s milk until they were approximately 2 months old. They were 
then taken off cow's milk, given the feed mixture used during the 
experiment, and placed on experiment about a month later, namely, 
August 3, 1936. 

Prior to the experiment the lambs were kept in individual wire pens 
having concrete floors raised approximately 2 feet above the ground. 
Adjacent to and connected with the pens at the same floor level were 
cinder-block houses in winch metabolism cages were built. These 
pens were located in a wooded lot which afforded some protection 
from the sun. ^ All the^ lambs were kept in the metabolism cages 
during the entire experiment, except when they were removed, for 
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sliort |)eri()ds for various reasons, such as weighing and collection of 

feces. 

Tlic metabolism cages used in the experiments were 5)4 feet long 
iitul 2 feet wide. The walls of the cinder-block houses formed two 
sides of the cages; on the other two sides wire fencing was stretclied 
over wooden frames placed so as to confine the lambs to the heavy 
wire platform shown in figime 1, a. Tins platform was made of )4- 
ircli mesh wire cloth and was supported by an iron frame {h). A 
funiui-shaped trough (c) made of galvanized iron wars suspended under 
this platform and served to guide the urine into a metal reservoir (d), 
containing a little toluene. A conical screen (e) which could be easily 
removed for cleaning was placed inside the trough over the small 
opening of the funnel to prevent the latter from becoming clogged. 
Tlie feces were allowed to accumulate in a muslin bag made especially 
for the purpose. The bag w^as held over the anus of the lamb by 
means of muslin bands fastened to a shoulder piece made from a 
strip of burlap bag. The feed and water containers ( /) and {g) were 
placed side by side at 
one end of the platform 
near the door of the cin- 
(ier-block house where 
they were readily acces- 
sible and were so built 
and located that the 
lamb could not scatter 
the feed easily or spill 
the water into the funnel 
and thus dilute the urine. 

For the purpose of in- 
fecting the experimental 
lambs, specimens of Co- 
operia eurticei were col- 
lected from the small in- 
testines of sheep slaugh- 
tered at an abattoir in 
Washington, D. C. The 
females were carefully washed in physiological saline solution until 
they w’-ere entirely free of debris, cut up with a pair of fine scissors, and 
the liberated eggs were cultured in a mixture of sterile sheep feces and 
granular bone charcoal moistened with distilled water. This mixture 
wns put into Petri dishes 20 cm in diameter. The dishes w^ere covered 
with the lids and left for about 7 days at room temperature. The 
infective larvae wiiich developed from the eggs w^ere then removed 
from the culture by means of the Baermann apparatus, and were 
administered in w^ater by means of a funnel and rubber tube to a 
Iamb that had been raised in a clean cage and wns free from nematode 
parasites, except as noted later. When this lamb began to pass eggs 
of C. eurticei 18 days after the first administration of larvae, the feces 
W'ere collected, mixed with bone charcoal, and cultured in large Petri 
dishes for 7 days. The larvae were then removed from the cultures, 
counted, and administered daily to one member of each pair of the 
experimental lambs (Nos. 61, 63, 65, and 102). When these Iambs 



Figure l.™ Wire platform (a) and supplementary equipment oi 
metabolism cage used in experiments; 6, iron frame; c, funnel- 
shaped trough; rf, metal reservoir; e, conical screen; / and g, 
feed and water containers. 
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already present. 

At the beginning of the experiment all the lambs were fonnrl f i. 
mJested with the nematode, Strongyloides papillosus. They had 
ably beconae mfested from the feces of the ewes befoi/ tbev , 
weaned Althougi the larvae of this nematode wem not ItS 
ehmmated from the doses admmistered to the mfested lambT tp. 
were greatly reduced m numbers by allowing the larvae obtained fr2 
the cultures to stand m water for a day or so at room temnernm. 
Most of the larvae of & papillosus b^^eame veiy slugafsK S' 
whereas the ensheathed larvae of Oooperia curiilei were apmrettlv 
unaffected by the exposure. No other extraneous nematode e«>'s or 

meir involved in tliis el^eri! 

The propss of the infestations in the host animals was followed bv 
counting the number of worm eggs passed in the feces of the mfested 
lambs from time to time by usmg the Lane direct centrifugal flotatioi, 
dilution methods. The number of eggs per gram of ferps 
so obtapd was then multiphed by the numbeTorgrIms of w 
passed dumg the 24-hour period represented by the sample The 

nutrition periods 14 days m length 
(with the exceptip of one period of 13 and one of 18 days) Tbe 
results of these observations were expressed in terms of the average 

pSd'' nutritiS 

When approximately 2 months old, each lamb was given about 
following mixture: Alfalfa meal, 27 pounds- 
fw com meal, 5 pounds; and bran, 3 pounds’ 

til® mixture for lambs 101 and 
^^nni, ^d^tion, all lambs were given an ample supply of fresh water 

I'Wdh 5T I’”'".* LdT“S7e 

/• 4 . A and that fed to the last pair had a nutritiye ratio of 

1.4.4. The constituents of the mixture were ground so that selective 
fee&ng on the part of the lambs could not occur. At the time the 
feed was mi.md, samples were removed for chemical analvsis niit 
mto airti^t jars, and identified by a number. The remainder of the 
Hent^feerW^'^® luto No. 6 paper bags, each bag containing suffi- 
lomb ^ Tbir ^ for a single feedm.g of one 

it 1 'P ^ i"®-™ ioft in large metal containers 

and at feedmg time one bag for each lamb was removed and its con- 

the QutStffpp/?® appropriate feed hopper. From time to time 

At the end of each nutrition period the lambs were weighed before 

wSnhe^im^hs^w^^^^^ K containing the feces had befn emptied. 
ca<m wi7,.ilw J weighed, the feed scattered about each 

thfdSinv u air-dried for 7 days. Once each week 

Sdtridrifd fn, 7 “ 1* removed 

wrevi^iVW residues, which were not analyzed, 

the tot^l ^^1^1^* subtracted from 

^ total quantity of feed given to each lamb during a particular 

In digestible protein to the quantity of digestible fat (X2.25) and carbohydrate 
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nutrition period. The remainder was considered the actual quantity 
of feed ingested by the lamb during that period. 

The feces and urine were collected at approximately^ the same hour 
each inoming. The urine funnel w^'as w^ashed in running water after 
the removal of the sample. One-fifth of the weight of the daily feces 
from each lamb and one-tenth of the daily yolume of urine from each 
Iamb were put into separate M-gallon fruit jars.^ These jars were 
sealed and stored in a refrigerator. As a preseiwative, a little toluene 
was added to the contents of the jars containing the urine. Later 
in the experiment it was found desirable to filter the urine through 
Wiatman No. 1 filter paper in order to remove particles of debris. 

The fecal samples from each lamb were thoroughly mixed in a mortar 
and 1 pmt of the composite sample was put into an airtight jar. 
The urine samples from each Iamb were thoroughly stirred and 1 
liter of the composite sample was put into a stoppered bottle. 

Quantitive analyses were made of the feed, feces, and urine samples 
and of the right femur of each lamb. When the analyses were com- 
pleted, the apparent digestibility coefficients of each constituent of 
the feed were computed, and the amounts of nitrogen, calcium, and 
phosphorus stored by each lamb were ascertained. In connection 
with the wnrk on the energy metabolism, the heat value of the feed 
mixture was calculated from the heat value of digestible protein, 
carbohydrate, and fat, as given by Morrison (11), and from the total 
digestible nutrients, obtained experimentally. The surface area of 
each lamb was calculated from its average weight during each nutri- 
tion period by the use of the formula (3^=0.139 of Ritzman and 

Colo VOS (IS), for lambs less than 1 year of age. The energy necessary 
for the maintenance of each lamb was computed from the average 
value, 1,598 calories per square meter per 24-hour period, calculated 
from data given by Ritzman and Benedict (12), for lambs less than 1 
year of age. • 

The four pairs of lambs were slaughtered at the end of 126, 126, 125, 
and 88 days, respectively. The thoracic and abdominal viscera were 
removed, weighed, and examined macroscopically for parasites and 
lesions. 

Additional observations were made on body temperature, on the 
consistency of the feces, and on the cellular elements and hemoglobin 
of tlie blood. The results of the blood study have already been 
reported (f). 

DATA OBTAINED 

INFESTATIONS OP LAMBS WITH COOPERIA CURTICEI 

The numbers of infective larvae of Cooperia curticei administered 
to one lamb of each pair are shown in table 1, 


Table 1. — Numbers of infective larvae of Cooperia curticei administered to one lamb 

of each pair 


Lamb No. 

Daily 

feedings 

Larvae ad- 
ministered 
per day 

Total larvae 
adminis- 
tered 

Lamb No. 

Daily 

feedings 

Larvae ad- 
ministered 
per day 

Total larvae 
adminis- 
tered 

«1. ' 

Number 

126 

/ 84 

1 42 

1 

Number 
m 
L 000 
500 

i Number 

63, 000 

1 106, 000 


Number 
f 65 

\ 36 

[ 34 

27 

Number ' 
250 
500 ■ 
1, 000 
5,000 

Number 

1 C.-,,750 

135, 000 

63 
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That the larvae of Coopena curhcei were able to establisb 
selves m the lambs is shown by the average number of 
passed per 24 hours during each nutrition period (table 2^ 
data show that the parasites were present in consider^hlA^Timik 
m the mfested lambs during the greater part of the experiment T?" 

number of worm eggs contamed in the feces of the control kmbs wit 
so small as to be neghgible. ^amos w as 

The number of each species of parasite found post mortem in tl.a 
experimental lambs IS shovTi m table 3. ii-em m the 


Table 2.- 


-Number of worm eggs passed per U hours by the infested lambs dim«n 
each nutrition period os am mg 


Lamb No. 


61. 

63_. 

65.. 

102 . 


Worm eggs passed per 24 hours in nutrition period No. - 


1 

2 

3 

4 

5 

6 

7 

8 

9 

Number 

0 

0 

0 

0 

Number 
! 71, 674 

412,328 
293, 400 
0 

Number 
410, 870 
1, 510,400 
436,466 
846, 666 

Number 
1, 547,500 
1, 440, 950 
229,800 
2, 018, 533 

Number 
1, 616, 233 
1, 277, 400 
262, 950 
4, 215, 733 

Number 

2,317,667 

1, 403, 300 

0 

2, 696, 625 

1 Number 
1, 288, 900 
1, 100, 533 
38, 625 

Number 
2, 441, 600 
1, 370, 500 
25,630 

Number 
1 , 609, 960 
1999, 960 
237, 730 


As indicated in table 3, a number of species of nematodes in addition 
to Coopena curhcei were present in the experimental lambs These 
extraneous species were probably acquired before the beginning of the 
experiment. Strongylmdes papillosus was present in both the control 
and infested lambs. This fact, together with the relatively small 
numbers recovered, seemed to justify the elimination of this^species 
as Wng influenced the results of the experiment. A few speXens 
of Haemonchus contortus Nematodirus spathiger, and Trichuris oris 
were also recovered but since these nematodes were so fewin numbe? 
they too were considered of little importance in having any infliSnce 
on the result of the experiment. It should be ernnhasized tbst al- 
though both the infested and control lambs harbored other species of 
parasites, the latter did not harbor specimens of C. curticei. ^ 

Table Z.— Parasites recovered post mortem from the infested and control lambs 

INFESTED LAMBS 


Lamb No. 

Cooperia 

curticei 

Strongyloides 

papillosus 

Nematodirus 

spathiger 

Haemonchus 

contortus 

61. 

Number 

Number 

222 

418 

184 

0 

Number 

Number 

03............ 


5 

0 

65........... 


4 

1 

102.',..- ' 


1 

0 



0 

, 24 

Average 

Standard deviation i 

10, 108. 3 

206.0 

2. 5 

6. 3 

±10.495.6 

±171.4 , 



"1 

, ± 2. 4 ; 

. ±12.3' 


GONT 

ROL LAMBS 


60... 

62 

' 0 

18 

3 

0 

64 

0 

321 

■ ■■ ■ 5 ' 

0 

lOU. 

0 

294 

3 

0 


0 

0 

0 

0 

Average 

0 

158.3 

2.8 

0 

standard deviation. ' 

0 

±172.9” 

±2. 1 

o” 


Trichuris 

ovis 


Number 

2 

0 

0 

3 


l.B : 
±1.5 
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FEED CONSUMPTION AND WEIGHTS OP THE LAMBS 


The weights of the lambs at the beginning and at the end of the 
experiment and the quantity of feed consumed are given in table 4. 
These data show that although the infested and control lambs of each 
pair consumed approximately the same quantity of feed, the control 
lambs gained approximately 4 pounds more than the infested lambs. 
Furthermore, the infested lambs required an average of 76.7 pounds 
more feed than the control lambs to produce a gain of 100 pounds. 
This difference was found to be statistically significant as it was 13.9 
times its standard deviation. The limit of statistical significance here 
as well as in all other instances dealt with in this paper is 3.182 times 
the standard deviation. 

In an attempt to account for the difference in the ability of the two 
groups of lambs to gain weight, the following data were obtained: 

Table 4. — Body weights and feed consumption of the infested and control lambs 


INFESTED LAMBS 


Lamb No. 

Approxi- 
mate length 

Body weight 

Gain in 
weight 

Feed con- 
sumed 

Feed con- 
sumed per 
100 pounds 
of gain 

of feeding 
period 

Initial 

Final 

102, 

Average 

Standard deviation 

Weeks 

18 

18 

18 

12.5 

Pounds 

38.0 
36.6 
47.5 

31.0 

Pounds 

75.0 

75.0 

85. 0 

59.0 

Pounds 

37. 0 
38. 5 
37.5 

28.0 

Pounds 
282.6 
287. 0 
310. 6 
233. 7 

Pounds 
763. 7 
745. 4 
828'. 1 
; 834. 8 

16.6 

! 38.3 

73. 5 

35. 3 

278. 5 

' 793, 0 

±2.8 

1 ±6.9 

±10.8 

. ±4. 9 

±32. 3 

■ ±46. 1 


CONTROL LAMBS 


60 - 

18 

36.5 

78.5 

42.0 

284.4 

677. 2 

62 

18 

31.5 

75.0 

43. 5 

mi 

664. 6 

64 - - 

18 

34.5 

76.0 

41.5 

311. 1 

749. 6 

10L„ 

12.5 

28.5 

58.0 

29.5 

228.2 

773. 6 

Average 

16.6 

32.8 

71.9 

■ 39. 1 

278. 2 

716. 3 

Standard deviation 

±2.8 

±3,5 

±9.4 

±6.6 

±35. 2 

±53. 5 


APPARENT DIGESTIBILITY COEFFICIENTS 

The average apparent digestibility coefficients of the different con- 
stituents of the feed for both the infested and control lambs are given 
in table 5. A comparison of the averages given in this table shows 
that there were no significant differences in the apparent digestibility 
coefficients of any constituent of the feed in the two groups. 
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Tk'bIjIS, ^.—Average apparent digestibility coefficients of the different constitmnts of 
the feed of the infested and control lambs ' 

INFESTED LAMBS 


Lamb No. 

Dry 

matter 

Crude 

protein 

True 

protein 

Non- 
protein 
nitro- * 
genous 
matter 

Ether 

extract 

Crude 
fiber i 

Nitro- 
gen- ! 
free 

Organic 

matter 

Ash 

h 

61.. 

,63 ; 

•65... 1 

102 ......... ' 

.Average. 

Standard deviation 1 

Percent 
66. 68 
67.05 
65. 64 
80.11 

Percent 
75.47 
75. 07 
70. 90 
82.73 

Percent 
74.89 
74. 50 
71.08 
83. 36 

Percent 
78. 64 
78.02 
69.97 
78.66 

Percent 

65. 48 
66. 14 

67. 48 
73.51 

Percent 

1 39. 73 
39. 49 
39. 44 
57. 64 

Percent 
78.22 
79. 10 
77. 91 
86. 35 

Percent 
\ 68. 38 
^ 68.77 
,'77. 9M 
; 81.31 

Percent 
46. 65 
46. 84 
44. 49 
> 69.8f5 

69. 87 

76.04 

75. 96 

76. 32 

68.15 

44.05 

80.40 

74. 09 

51. 96 

±6. 85 

±4.91 

±5. 22 

±4. 24 

±3.67 

±8.99 

±4. 00 

±6.52 

±11.98 


CONTROL LAMBS 


60' - 

68.73 

76. 19 

75.08 

82. 37 

68.46 

41.95 

80. 46 

70. 36 

49. 66 

62 

. 66. 96 

75. 53 

75. 61 

74. 94 

66.06 

38. 08 

79.11 

68. 56 

48. 21 

64. 

64. 81 

70. 66 

70.35 

72.83 

67.91 

39. 22 

76. 75 

66. 69 

42. 68 

101 

77.79 

81.48 

82.23 

76. 16 

71.87 

57. 38 

84. 77 

79. 17 

65. 76 

Ave.rage 

69. 67 

75.97 

75.82 

76.58 

68. 58 

44.16 

80. 27 ! 

71.20 

51. 58 

Standard deviation 

±5.71 

1 

±4.43 

±4.89 

±4. 10 : 

±2.42 

±8. 96 

±3. 42 

±6. 52 

±9.91 


NITROGEN AND MINERAL METABOLISM 

The data on the nitrogen and mineral metabolism of the infested 
and control lambs are given in tables 6 and 7, respectively. As was 
the case with the apparent digestibility coefficients of the feed, there 
are no significant differences in the nitrogen metabolism of the two 
groups. 

Table 6. — Nitrogen metabolism of the infested and control lambs 


Enfested lambs 


Control lambs 


Lamb No, 


6L. 

63. 

65 

102 -.... 

Average.. _ 

Standard divia- 
tion.. 


Nitro- 

gen 

stored 


Percent^ 
25.97 
26.38 . 
25. 27 
50. 22 


31.96 


±12. 18 


Urinary] 
nitro- 
gen e,x- 
creted 


Creati- ' 
nine 
in urine 


Percent^ 
49.58 
48.57 ^ 
45. 10 
32. 76 


44.00 


±7. 74 


Grams 2 

2.70 
.97 

1.71 
9, 63 


3.76 


±3.98 


Hip- 
puric 
acid in 
urine 


Lamb No. 


Grams 2 
15.75 
14.71 
16.83 


15. 76 


±1,06 


62 - 

64.. 

101 

Average. 

Standard devia- 
tion 


Nitro- 

gen 

stored 

Urinary 
nitro- 
gen ex- 
creted 

Creati- 
nine 
in urine 

Percent^ 
28. 78 
25.84 1 
27.53 
46. 90 

Percent^ 
47. 34 
49. 30 
43.11 
34.89 

Grams ^ 
2. 08 
1.75 

1. 14 
4. 12 

32. 26 

43.66 

[ . 2.27 

±9.83 

±6.39 

±1.29 


Hip- 
puric 
acid in 
urine 


Grains^ 
14. 11 
16. 14 
16. 62 


15. 62 


1 Percent of total intake. 

2 Average per nutrition period. 


Although the percentages of calcium and phosphorus stored by 
the infested lambs of the first three pairs were less than those stored 
by the corresponding control lambs, decidedly different results were 
obtained with the fourth pair of lambs. Lamb 102 wus more heavily 
infested than lambs 61, 63, and 65 on post mortem (table 3), but it 
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•iDpears that the infestation did not affect the mineral metabolisna 
of tlie host. The writer is unable to account for the difference, in 
the storage of these elements, obtained between the infested lamb of 
the fourth pair and those of the first three pairs. Evidence that no 
serious modification of the mineral metabolism occurred in any of 
tlie infested lambs was provided by the bone analyses, which showed 
110 significant differences in mineral content. 


T \BLB 7 . — Calcium and phosphorus stored in the body and the ratio of fat-free 
organic matter to ash in the right femur in infested and control lambs 


Lamb No. 

Infested lambs 

Lamb No. 

Control lambs 

Cal- 

cium 

Phos- 

phorus 

Ratio of 
fat-free 
organic 
matter 
to ash in 
right 
femur 

Cal- 

cium 

Phos- 

phorus 

Ratio of 
fat-free 
organic 
matter 
to ash in 
right 
femur 


Per- 
cent 1 
18. 28 
17.07 ! 
16. 03 
43. 00 

Per- 
cent^ 
-2. 90 
-7.31 
-7. 19 
-f40. 24 

1: 

1.625 

1.510 

1. 520 
1.406 

60. 

Per- 
cent 1 
24.20 1 
22.73 1 
17.38 

I 40.63 

Per- 
cent 1 
+0. 63 
-1.66 
-3. 60 
-26. 74 

1: 

1. 714 
; 1. 647 

1.550 
1. 363 



62..... 



M ■ 

64 


101 



Average 

Standard deviation — 

Average- 

standard deviation 

23.60 

+5. 71 

1. 515 

26.24 

+6.21 

1. 569 

±12. 97 

±23. 11 

±.09 

±10. 20 

±14. 25 

±.153 


1 Percent of total intake. 


ENERGY METABOLISM 

The energy value of the feed given to the first three pairs of lambs 
was 1.1 therms per pound (1 therm= 1,000 calories), and of that given 
to the last pair was 1.178 therms per pound. By assuming that the 
heat production per square meter of body surface per 24-hour period 
was equal to the value found by Ritzman and Benedict for 
lambs less than 1 year of age, and that it was the same for both the 
infested and control lambs, the heat production of all the lambs was 
calculated in order to determine whether or not the observed differ- 
ences in the ability of the two groups to gain weight might be due to 
the increased energy requirements of the larger animals. This de- 
termination was particularly important in evaluating the difference 
in the ability to gain between lambs Nos, 64 and 65, whose initial 
weights were quite different. A summary of these calculations is 
given in table 8. 

Table 8 shows that after the differences in the energy required for 
maintenance due to differences in the size of the lambs had been 
accounted for more energy per pound of live-weight increase was 
required by the infested lambs than by the control lambs. This 
diffei'ence was still significant, being 4.833 times its standard devia- 
tion. Whether this difference was due to the metabolism of the 
worms themselves or to some modification of the host^s metabolism 
could not be determined experimentally. This question is discussed 
later. 
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Table 8.^ — Energy metabolism of the infested and control lambs 


Lamb No. 

Infested lambs 

Lamb No. 

Control lambs 

Energy 

intake 

Energy 
required 
for main- 
tenance 
(heat 
produc- 
tion) 

Energy 

required 

for 

growth 
per 
pound 
of live 
weight 
gained 

Energy 

intake 

Energy 
required 
for main- 
tenance 
(heat 
produc- 
tion) 

Eneruy 
refill ire«i 
f(.»r 

growth 

per 

Pfiund 
of live 
weight 
gained 


Therms 
310.9 
315. 8 
341.7 i 
275. 4 1 

Therms 

142.9 

143.1 

153.2 
86.5 i 

Therms 

4.54 

4. 49 
5.03 

6. 75 

60-- 

Therms 

313.0 

318.1 
343.3 
268.9 

Therms 
145. 7 
140.6 
141.5 
86.8 

Therms 

z.m 

4.(tH 
4. 84 
6. 17 

fa 

62 


64 

102 . 

101-— 

Average.--. ^ 

Average 

311.0 1 

131.4 

5. 20 

310. 8 

128. 7 

4. 77 

Standard deviation 

Standard deviation 

±27.3 

±30.3 

±1.06 

±30.6 

±28.0 

±1.01 


GENERAL CLINICAL OBSERVATIONS 


The infested Iambs showed no symptoms of parasitic infestations. 
There were no significant changes in body temperature. The infested 
lambs did not develop diarrhea, nor did they suffer from hemorrhage 
into the intestinal tract, as was shown by the absence of blood from 
the feces, as determined by the benzidine test. 

DISCUSSION 

The most significant result obtained in the present work was the 
apparent decrease in the ability of the infested lambs to convert their 
feed into gains in weight, although the lambs showed no clinical symp- 
toms of parasitic infestation. This phenomenon could have been 
produced by a number of factors, operating either singly or in combi- 
nation. Dehydration of the tissues could have played a part in 
producing this result. Although no moisture determinations were 
made on the carcasses, there appeared to be no good reason for assum- 
ing that the tissues of the lambs of one group contained less moisture 
than those of the lambs in the other group. Since the infested lambs 
did not develop high temperatures or suffer from hemorrhage or diar- 
rhea during the experiment, and were given an abundant water supply, 
the assumption of a dehydration process is not warranted. 

As sho^vm by the data there were no differences in any of the appar- 
ent digestibility coefficients of the various constituents of the ration 
fed to the two groups of lambs, nor was there any significant differ- 
ence in the amount of calcium and phosphorus stored by the lambs 
involved in this investigation. The results obtained by the writer 
fail to confirm those of Stewart (17), who found that there w^as a 
depression of the apparent digestibility coefficients of the crude-protein 
and crude-fiber components of the ration in nematode-infested lambs. 
The results of the writer’s work are not in agreement with that of 
Shearer and Stewart (15), who reported that there was a decrease in 
the ability of the nematode-infested lambs to store calcium and phos- 
phorus. Insofar as infestations with Cooperia curticei are concerned, 
the failure to discover any depression of the digestibility coefficients 
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>f the infested lambs does not support Stewart's theory that parasites 
elaborate an antienzyme in quantities sufficient to interfere seriously 


with the digestive processes of the host. 

Tlie investigation reported m this paper failed also to show any 
increase in the nitrogen metabolism of the infested lambs. However, 
the results presented do show that infestations with the nematode 
{C curticei) increased the energy metabolism of such lambs. The 
possibility that the increased energy metabolism might be accounted 
for by the metabolism of the worms themselves was given considera- 
tion. Weinland {19) first demonstrated that Ascaris lumbricoides 
used glycogen as a source of energy for its metabolic processes. Bon- 
douy {^) found that Sclerostomum equinum {—Strongylus equinus) 
utilized fat as its source of energy, and Martini {8) found that the drop- 
lets in the intestine oi Oxyuris curvula (—0. equi) were composed of 
fat and not glycogen. Even though 0. curticei uses fat or glycogen 
or both in its metabolic processes; the worms are so small that it is 
doubtful whether such utilization of these substances could account 
for the increased metabolism observed in the infested lambs. 

Bondouy {2) stated that the nervous symptoms seen in severe cases 
of parasitism were caused by the irritation of the intestinal mucosa by 
the worms. It is well known that if the nervous system is excited, 
more carbohydrate is burned by the animal and ^ more energy is 
liberated. The presence of a worm infestation might conceivably 
produce a mild state of nervous tension that would be unnoticed. 
Such tension might be sufficient, however, to cause an increased 
metabolism. This condition would result in a decrease in the ability 
of the animal to gain in weight and would become apparent only after 
a period of weeks of careful observation under controlled conditions. 

Kecent studies on inflammation by Menkin and Warner {9) have 
shown that there is an increased carbohydrate metabolism in inflamed 
tissue. Since both the growth of the larvae in the intestinal mucosa 
with its attendant mechanical injury, and the tissue reaction of a 
resistant host to the foreign protein of the parasite, produce areas of 
inflammation, this condition may also contribute to the increased 
metabolism observed. 

The increased metabolism of the infested lambs may be accounted 
for in still another way. Staub {16), Minot {10), and others have 
shown that the accumulation of guanidine in the blood of experimental 
animals w^as closely associated with wasteful carbohydrate metabolism. 
Harwood, Spindler, Cross, and Cutler (7) demonstrated that the guan- 
idine content of the blood of rabbits increased after experimental 
infection with Trichinella spiralis. This association of guanidine ac- 
cumulation with a nematode infestation, together with its demon- 
strated effect on carbohydrate metabolism, suggests the possibility 
that this substance may be one of the factors contributing to the result 
observed in this investigation. 

Although Edgar {S), ascribed fatalities in goats to heavy infestations 
with Cooperia curticei, the writer has found this nematode relatively 
nonpathogenic for sheep. In connection with these conflicting obser- 
vations, it should be emphasized that the lambs involved in the exper- 
iments reported in this paper were fed an adequate ration and were 
given excellent care. As a result, they were undoubtedly better able 
to resist the 'pathogenic effects of the nematode infection to which 
they were subjected than lambs not living under such ideal conditions. 
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The more or less accidental selection of 0. curticei for i~r~ 

mMe possible the study of the effeet of a nematode 
the nutrition of the host, m the absence of such complicating w’l 
as anemia and diarrhea, which so often accompany infections whh Vk® 
better known pathogenic nematodes such as Haemonchus contrnmmA 
Tnchostroyylus colubrijormis. It has also made possible 
stration that infestations with a cmiicei have a measurab e elS ot 
the host even when the latter is in exceUent nutritional coSl? 
This finding IS of importance because it introduces evidence to show 
that a nematode infestation increases the cost of lamb production mrl 
though it may not be sufficiently heavy to produce clinical symptom^ 

SUMMARY AND CONCLUSIONS 

lo Jn® cross-bred Hampshire-Southdown wether 

lambs, four of which were experimentally infested with the nematol 
Coopena curticei was studied in a paired feeding experiment 
+i obta,med failed to confirm the finding of Stewart (m 

that there was a depression of the digestibility of the crude-protem 
and crude-fiber components of the ration in the infested lambs^ Nor 
was aiy evidence found to support the contention of Shearer and 
Stewart {15), that there was a decrease in the ability of the infested 
lambs to store calcium and phosphorus. The findings with reference 
to Coopena curticei are not m accord with Stewart’s theory that 

“ antienzyme in quantities sufficient to interfere 
wito the digestive processes of the host. 

injestigation shows that infestations with a relatively non- 

convefMWirTu*^*^! the ability of the infested la4s to 

gain m weight, even when these lambs are in 
excellent nutritional condition and show no clinical symptoms of 

is presented to show that this decrease 

metabolism, appataS^ 

resuming m reduced use of the feed for growth or gain 

accoTm/i'd^rLy metabolism of the infested lambs may be 

Sf tEntlSnof ^® excitation of the host due to the irritation 

tioiof the worms in the intestine, by the produc- 

* 1 ^ inflammation wherever the mucosa was injured by the 

Hhe fol ^ rT® ®®^®^^®^ P^^tially resistantVost 

0 the foreign protein of the parasite occurred, and by the possible 

Sf rfietfeT^^^^^^^^ accumulation of guanidine in the blood 
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ni 7 nFTERMINING ROOT KNOT RESISTANCE 
A and COWPEAS IN THE SEEDLING STAGE ■ 

By Keith C. Bakrons 
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method of detfmmmg root knot distribution of the 

sometimes 

root knot infested Furthermore, such observations are 
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materials and methods 
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root knot; Hopi 155 wnditions; anh Conch cowpea, 

than other k^a varieties under held conamo^ 

reported by Isbell t three species known 
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The plantings were made f-j to be greater in sandy soils. 

As nematode injury is All plantmgs 
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A minimum temperature of 28 

for root knot development, „Au buried 1 inch from the bottom 
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Root knot gaHs from bean, lima bean, and tomato pknte~II~ 
the held were used as a source of inoculum. The galls wer/p,u ^ 
small pieces before bemg applied to the soil. ■ eie cut into 

EXPERIMENTAL RESULTS 

peiature foi difierentiai root knot development, (2) the best 
of inoculation (3) the optimum time and the mc^st effiSent Set 
classification (4) a satisfactory arrangement of plantings and fo) tW 

SXfa “tsirSnst' 

SOIL AND TEMPERATURE CONDITIONS 

In preliminary tests inoculum was added to field snil l-r>r,«r« + i, 
bac^ly infested, field soil which was practically free from^SStode^" 
and soil which had been steam-sterilized. No difterencesIS^hi rTt ’ 

01 degree o,f root knot development were anna rent ^ late 

prSS? do noT^cT <^Jioroughly inoculated the nematodes alreSy 

I ' k ^ rnore complete mfestation. SterUized soil ic 

wm^S^T Patlrogens other than the root knot nematode 

will be laigely elimmated. Furthermore, nodulation that mip-Tii Ka 
co^us^l with root knot galls without careful oCrvaSL““S 

’'vith crops other than beans and cowpeas found 
that root knot developed abundantly at temperatures as high as t1io«i 
at which the host plant would thrive. In some cases he fou^d fc 
there vas a lediiction in the amount of the disease above SO"" C hnf- 
iis was usually traceable to a decrease in total root growth In his 
^ noticeable decrease in root iLft Sevelopmen 

<luS* “li’' conducted Wely 

uriUf, Jun, August, and September. Records taken at intem-oL 

thp'hnif® experiments indicated that the soil temperature close to 
the bottom of the greenhouse bench ranged frorn^ “> 5 ° to 
occasionally going lugher for a few hours on excSo^ally hot daS’ 

perioT^4rlSdl^^^^^^^^ diuSTg^hr ie 

summer months were satisfacto^^^^TesTcSS^durin-^^^^^^^ fall 

a iriifJrm snil ^ ®°n ^ useful in maintaining 

OctowTaslS^^^^^^ “ results after 

equipment for coiitrollmg Grreenhouse 

a4ilal Ip iV snnWso^ ^ temperatures should be 

of the year. ^ ^ ^ conducted during the cooler seasons 

method op soil INOCULATION 

»< common boon, lima bean, 
__^^^_r^o plants iv as used with equal success. Steiner « has pointed 

«i.v.s -AX,; ««-!E »'MAU.ATrON OF CEKTAIN FLAXT-INraCTiXO 

atuiiY OF NBMIC pests. Phytopathology J5: 4tl<J-534, illUaS. iy25. 
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fjiit cases of liost specialization and host preference in various nematode 
sWcies including Heterodera marioni. In view of such possible 
differences in various populations of H. marioni, preliminary tests of 
anv new source of inoculum would undoubtedly be a wise procedure, 
iirtliese experiments inoculum was prepared by cutting the diseased 
portions of the roots being used into small pieces. Care was taken 
at all times not to allow the roots or the prepared inoculum to dry out. 

An experiment was conducted to determine whether the stage of 
development of the root knot tissue used as a source of inoculum would 
affect the results. Two lots of inoculum were prepared^ one from 
root knot tissue taken from tomato plants which were setting 
their lirst fruit and the other from large galls removed from tomato 
plants which had been in production for 4 to 5 weeks. Equal quan- 
tities by weight of these two lots were applied to equal areas of soil 
in the greenhouse bench. At the end of 20 days seedlings of sus- 
ceptible beans^ and 
cowpeas grown in the 
soil to which the old 
root knot tissue had 
been added, showed 
a higher degree of 
infection. Galls were 
both larger and more 
numerous than on 
seedlings grown in 
soil to which young 
root knot tissue had 
been applied. The 
success of a seedling 
test for root knot re- 
sistance depends on 
the presence in the 
inoculum of a large 
number of active lar- 
vae which will attack 
each portion of the root as it develops. Microscopic observations of 
inoculum from the two sources revealed that the old root knot tissue 
contained a larger number of active larvae and the young tissue a 
larger proportion of adults and eggs. Figure 1 illustrates the type 
of badly diseased adult lima bean root which was also found to be a 
good source of inoculum. 

In some instance good results were obtained by using inoculum 
prepared from partially decayed root knot galls. On a few occasions, 
particularly late in the fall, such inoculum did not give good results 
even though on microscopic examination it was found to contain 
imuimerable active nematode larvae. 

Tyler ^ found that the ability of larvae from different sources to 
enter roots showed considerable variation. She concluded that such 
variation is related in part to the age of the larvae, which suggests 
that the inferiority of certain lots of inoculum prepared from decayed 
roots may be due to decreased vigor of the larvae rather than to a 
reduction in their number. As previously suggested, variation in 



' Tyler, Jocelyn, reproduct'ion without males in aseptic boot cultures of the boot-knot 
NEMATODE. Jlilgarclia 7: [373H88. 1933. 


366 


Journdl oj AgricultuTdl Resedrch 




. 1 '' ^ 


^ o 7 , Xo. ,> 


inoculum from any new source should be ascertain ori n-,. i- • 

tests in which varieties of known degrees of susceotihi^it^^^ 
as standards. ^ susceptibility are used 

A comparison was made between the degree of root knot Hav i 
meiit when equal quantities of inoculum were apphed by m x£ 
the sod and by placing in furrows beneath the^ seed ^ SaSr^^ ' 
results were obtained by both methods; however root knot S "’ 
somewhat more evenly distributed when the furrU meSod wasMlA'i ‘ 

ty giams of inoculum per meter of row proved sufficiAot ' 
cases when prepared from large root knot galK ®u«icient m all 


PLANTING ARRANGEMENT 


It was found satisfactory to space the rows 4 inches anert ‘inri n 
seeds 2 inches apart in the row. Wider spacine- did not ^ 

degree of root knot infection, men iSs "lat wns^X 
reniova and separation of roots proved to be liiore difficuft ’ 

A test was conducted to determine whether the decree of root l-n t 

f. xi XX eiSfni 


time and method op classification 


thereaLr 
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, ^ could be distinguished from the susceptible 

Although the le tc t planting, the differences were not so 

varieties a® of a 20-day period. All varieties studied 

pvoiiounced as \n\ot 

‘‘Pf ?rp fomd in the most resistant strains, but they seldom 
pills yeie gjnall swellings. Galls on susceptible and 

amounted . similar in appearance soon after mfectioii 

resistant variet former they continued to develop at a rapid 

nttand wCTe iften half a centimeter or more in diameter by the end 

of 20 days. durino" the summer and after a 40-day period 

• fti iarioSegmi^o could not be distmguished 

in all cas _ days or shortly thereafter. These older 

*1 Tcfhad a larger mass of roots which were difficult to remove from 
SlTbench In some instances nodulation had developed which made 
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nanKK 2.-Portions ol roots of varieties used as in 

a rapid classification difficult. At this stage the younger 
w^practically free froni galls. This was Probf ly due tP mo®t of 
the available nematode larvae having entered the 
earlv crrowth of the plant. Their life cycle then had to be com- 
plet^T larvae had to enter the soil and migrate to new root growth 

before more galls could be formed. . ^nrlo-mPTif were 

Observational ratings based on the o^P»i^ter s judgrnent were 
used hi classifying the material. Because of the coa e 
proved impractical to use gall counts as an ^^dex of susceptibil ty. 
It was found that varieties could be conveniently grouped ^ 
hve classes with respect to root-knot resistance and 
illustrated in figure 2. Plants grown m nematode-frep sod were used 
as a standard for class 1. Alabama No- I ^od „i ' "I -.ifgg 

which developed only a few shght sweUings were 
which were consistently placed m class 2. Conch p ^ til t red 
sidered a good standard for class 3 m which it placed. 

Root knot galls on this resistant variety were ®bghtly larger and 
somewhat more numerous than on Alabama No. 1 and ‘ , C ^ ' 

2 beans. Surecrop Wax bean was found to be a good standard lor 
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class 4. It possesses mild resistance both in i-bp ~ 

seed ing stage. PracticaUy all common varieties of bSs 

andtaa beans are very susceptible and were placed in clas ?5 
the cowpeas the Crowder varieties and Dixie Oueen 
beans Kentucky Wonder and Bountiful were fSd ttll'T 
susceptible. They may be used as standards for Smoitknn • ''' 

determinations. Variations mthhf 

SSffatiof®'™* **“’ a method ’of SaS 

A statistical study was conducted to determine the extpnf eef . • 
faon in root knot development among plants within nna 
This information was desired in order to determtoe whether .Tf 
data concerning varietal resistance could beXtabed ht fi'” ® 
population of 10 or more plants at once or ^ a 

«dual.pl„t ratings woulj be m“ e rdhMr’''fc ■“<«: 

eight varieties were used in this experiment. 'The rooS rf fjT f 
chosen at random from each row were bundled toffpibor on i .i • 
by number. A ratbg was gben each row bn^ X^ 
pearance of its roots. ^On summarizbe- the Xo ^b ^P- 

found that in no case was thXTd?#erene^fn i it was 

four samples of the same variety. Roots of the 
bundle were then rated mdividuaBT. As four ™ „fct “ 
were observed in tMs way the meL tu^ed w7re tor“o IS 


V arifcty 


Beans: 

Alabama Ko. l_.._ 

Alabama No. 2 

BountifuL... 

Cowpeas: 

Coiieh 


Resist- 
ance clas- 
sification 
by 10- 
plant 
method 


Resistance 
classifica- 
tion by in- 
dividual- 
plant 
method i 


1. 87±0 . 05 
L 92± .04 
4.97d= .02 

2. 85rfc . 06 


i Aleans are for 40 plants with 


Variety 


Cowpeas— Continued. 
Large Cream Crow^der 

. Dixie Queen 

Lima beans: 

Hopi 155 

Henderson Bush HZ’ 


Resist- 
ance clas-i 
sification 
by 10- 
plant 
method 


Resistance 
classifica- 
tion by in- 
dividual- 
plant 
method i 


5. 00±0. 00 
4. 95± . 03 

4. 55± .11 

5. OUdb . 00 


variation expressed as standard e 


tailed by\hri?d1vXuilXrif® Hopi 155 the means ob- 

the numiriS ratiX were practically identical with 

tiJifth^XS -on- 


little variltiXwlrZeXTbX^ indicati^Zha 

field conditions. On the basis resistance under 

when uniformly iWcuifiaXp f concluded that 

madeonpumlbeX Kif f used accurate readmgs may be 
a whole. Progeny of crossesi af.! P-OPolution of 10 or more plants as 

been established wffl reqmre bdividX%laltXs2vltW ^ 
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agreement of seedling tests and field observations 

The results of field observations on tbe degree of root knot develop- 
Bieut on a number of varieties of beans, cowpeas, and lima beans were 
compared with those of greenhouse seedling tests. In the case of 
beans the agreement between seedling and adult plant observations 
was close. Alabama No. 1 and Alabama No. 2 were found to be 
highly resistant both in the adult and seedling stage. Surecrop 
Stringless Wax was only moderately susceptible while Kentucky 
Wonder and Bountiful were susceptible in both stages. 

The agreement of seedling and adult readings was not as close in 
the case of cowpeas, yet the observations by the two methods were 
similar enough to make the seedling test of definite value in cowpea 
breeding work. Conch has been observed to be as free from root 
knot in the field as Alabama No. 1 and Alabama No. 2 beans; yet in 
the seedling tests it developed a few galls of intermediate size. Cream 
Crowder, Black Crowder, and Dixie Queen were susceptible in both 
field and seedling tests. 

With lima beans no definite agreement was found between seedling 
and adult plant observations. As has been noted, Hopi 155 was 
somewhat variable in the seedling tests; however, it was definitely 
susceptible with onl^r occasional plants appearing partially resistant. 
In the field this variety has been observed to be partially resistant 
with occasional plants appearing susceptible.^ Because of these differ- 
ences in seedling and adult plant observations, the seedling test is 
probably of no immediate value in testing lima bean varieties. The 
fact that certain plants of Hopi 155 appeared mildly resistant in the 
seedling stage suggests that further selection within this variety might 
result in lines possessing sorne seedling resistance. Further research 
on the nature of root-knot resistance may explain why Hopi lima beans 
appear susceptible in the seedling stage and partially resistant in the 
field. 

On the basis of these experiments it was concluded that the seedhng 
method described is very accurate in determining root-knot resistance 
in the common bean. Although the agreement of adult-plant and 
seedling observations is not as close in the case of cowpeas as in beans 
very definite differences were observed between the most resistant 
and the susceptible varieties. There appears to be no reason why 
this method should not be used in a cowpea breeding program in which 
only the highly resistant individuals and lines are to be selected. The 
inethod is at present of no value in testing lima beans, as no significant 
differences in the degree of infection can be noted between varieties 
which show marked differences under field conditions. 

SUMMARY 

A method has been developed for determining root knot resistance 
in the seedling stage under controlled greenhouse conditions. The 
method is satisfactory for beans and cowpeas but unsatisfactory for 
lima beans. 

A fertile sandy soil which had been previously sterilized and kept 
moist at all times was found to be a good medium for growing seedlings 
to be tested. Natural greenhouse temperatures prevalent during the 
summer months ranging upward from 25® C. were found to be satis- 
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factory for good root knot development, but durino- the fnll ■ , 
heat had to be applied to the soil. me lau artificial 

Inoculum consisting of chopped rootk not tissue from bn^W i- 
adult bean and tomato plants applied in furrows benTatblfc"^'®®?®'* 
the rate of approximately 50 g per meter of row gave th^bS? 

Kows spaced 4 inches apart with seeds 2 inches apart in tfifl 
found satisfactory. in tne row were 

It was found tliat the best classification r*onlri i i 

20 and 30 days after planting, dependino- on the rate 

It was experimeatfily ssMed tfel “£ pwe°&‘ f r‘‘‘' 
tested observational ratings of a group of 10 or more nlanttf of! 
are as accurate as ratings of individual olaX vlff- 
divided into five classes o/the basis o"tM reo” £„t XStLle'S' '‘t 
grown in nematode-free soil, beino- taken 
Alabama No. 1 and Alabama ^“2 1. 

for class 3, Surecrop Wax bean for class 4, and Kentuckv 
almost any common bean or cowpea variety for class 5. ^ 


hood and supernumerary spike development 

" IN BARLEY ‘ 

By O. T. Bonnett 

Assistavt chief in plant genetics, Illinois Agricultural Experiment Station 

INTRODUCTION 

The lemmas of Nepal barley {Hordeum vulgare L.) terminate in a 
trifurcated stnictnre called a hood. The center lobe of the hood is an 
accessory flower having stamens and a pistil, but the lateral wings of 
the hood are only vegetative outgrowths of the margins of the lemma. 
When the hoods of mature spikes are examined, various degrees of 
development of the stamens and pistil can be found. Almost invari- 
ably the supernumerary florets of the hood are infertile, but Biffen 
{2f states that he has found fertile florets in the hood and has grown 
plants from the grain that they produced. 

Hooded barley was found, according to Harlan (4), in Nepal between 
the years 1830 and 1837, He believes that the hooded character 
probably originated as a mutation. Evidence supporting this assump- 
tion is based upon the discovery of a hooded mutant in the F 2 of a 
cross of Everest X Manchuria, two awned varieties. If this hypoth- 
esis is correct, the hooded character is an example of a dominant 
mutation. 

Biffen (2)^ Hor (5), and Eobertson (8) made crosses between hooded 
and awned varieties. In crosses of hooded with awned varieties of 
barley they found that hooded was dominant to awned, and that 
segregation occurred in the F 2 in the ratio of approximately 3 hooded to 
1 awned. 

The hooded character in barley is of interest for another reason. 
Arber (1) states that the origin of accessory spikelets from the lemma is 
contrary to one of the dicta of formal morphology, which is that the 
power of producing lateral shoots is confined to axes. However, in 
the case of hooded barley, the spikelet, a modified shoot, is produced 
from the lemma, a modified leaf. 

A morphological study of the development of hooded barley is of 
interest from two standpoints. By studying the morplioiogical 
development of the hood, it is possible, so far as external appearances 
will permit, to determine when the genes responsible for the develop- 
ment of the character begin to produce their effects, and to see what 
changes the genes produce. Furthermore, according to Arber (I), 
some morphologists have questioned whether the accessory flower 
actually does arise from the lemma as its axis.^ By following the 
developmental sequence a better idea can be obtained of the points of 
origin and parts initiated than can be obtained by studying the mature 
parts. This is because many times parts are initiated that never 
complete development and in the beginning of development the sur- 
rounding parts are not large enough to hide the point of origin of the 
parts being studied. 

1 Roceived for publication January 8, 1938; issued September 1938. 

2 Italic numbers in parentheses refer to Literature Cited, p. 377. 
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Supernumeraiy spikes were found on the stems of Nepal barley when 
the development of the hood was being studied. They had also been^ 
observed, previously, in greenhouse cultures of awned barley. The 
photomicrographs used to show this character were taken from awned 
barley. 

MATERIALS AND METHODS 

Nepal C. I. No.^ 595 w^as obtained from M. N. Pope, division of 
cereal crops and diseases, United States Department of Agriculture. 
This variety was used for a study of hood development. 

The awned varieties in which supernumerary spikes developed were 
Spartan, Wisconsin Pedigree No. 5, and their Fs progeny. 

Supernumerary spikes were produced upon plants grown during the 
winter of 1935 and 1936 on a greenhouse bench filled with about 6 
inches of soil. The plantings were made on November 22, 1935, and 
the plants from which the supernumerary spikes were dissected were 
sampled on February 21, 1936. The growing period extended through 
the short days of the winter, and during the period of spike differen- 
tiation, December 27 to February 21, the temperature was seldom 
above 65° F. and dropped to as low as 45° for short periods. The 
average minimum temperature was 53.2°, the average maximum tem- 
perature was 68.1°, and the average mean temperature was 60.8°. 

The photomicrographic apparatus and the technique used in taking 
the photomicrographs were essentially the same as those described 
in an earlier paper {S), One exception was that special microlente 
having a focal distance of 24 and 32 mm were used to take the photo- 
micrographs instead of one side of a binocular microscope. 

DEVELOPMENT OF THE HOOD 

Since the hood develops from the lemma, the lemma must differen- 
tiate and attain some size before the hood primordium appears. An 
early stage in the development of a spike of hooded barley is showm in 
plate 1, Aj and a spike of an awned barley is shown in plate 1, J5. In 
both cases the lemmas of the central spikelets have differentiated 
and the tips of the lemmas have begun to elongate in the formation 
of the awn. At this stage the hood primordia have not differentiated 
and no differences in the appearance of the spikelets of the hooded 
and awned types can be observed. 

When the tip of the lemma of the hooded variety has elongated to 
the point where it begins to resemble an awn (pi. 1, C and D) the hood 
primordia begin to appear (pL 1, 0, cc). From this point, the develop- 
ment of the lemmas of hooded and awned barley is different. 


EXPLANATORY LEGEND FOR PLATE 1 

A, An early stage in the development of a spike of Nepal barley: p, Pistil initial; an, anther initial; g, lemma 
initial; s, spikelet initial; t, undifferentiated tip of the spike. X 25. B, A spike of a six-row, awned 
barley at about the same stage of development as that shown in plate 1, A: e, Empty glume initial. X 25. 
C, Part of a spike of Nepal barley at the beginning of hood differentiation: x, A spikelet with an accessory 
flower developing. X 20. D, Part of a spike of awned barley at about the same stage as that in plate 1, 
C, showing the beginning of the growth of awns. X 25. E, An adaxial view of the beginning of the 
differentiation of the accessory flower initial: an, Anther of the normally placed flower; p, pistil initial of 
the normally placed flower; fl, accessory flower initial. X 25. E, Beginning of the differentiation of the 
palea of the accessory flower: g, Palea initial. X 25. G, Anther differentiation of the accessory flower: 
an. Anther initial. X 25. H, Two accessory flowers side by side; four anthers and the pistil initial are 
clearly shown in the flower at the left: x. Accessory flower of the side spikelet; an, anther; p, pistil initial; 
fl\ second accessory flower. X 25. I, A more advanced stage of the development of the anthers and pistil 
of the accessory flower: an. Anthers; p, pistil initial. X 25. J, An accessory flower showing four anthers 
and pistil initial: an. Anther; p, pistil initial; fl', second accessory flower. X 25. K, L, and A/, An 
abaxial view of the lemmas of the normally placed flowers showing successive stages of hood development: 
a, Laterally placed awnlike appendage of the hood. X 25. 
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The hood primordiuixi first appears as a dome-shaped outgrowth on 
the iidaxial side and near the tip of the lemma (pi. 1, E, fi), and from 
this ])riniGrdiiim the parts of the accessory flower differentiate. Un- 
like normal flowers, there is no indication of a leaf primordium sub- 
tending the accessory flower of the hood. 

When the hood primordium is first seen the flower parts of the 
normally placed flower are not rery far advanced in development. 
The aniJiers are short and show the development of the locules (pi. 1, 
E, an)j but the pistil is not far enough advanced to show any develop- 
ment of the styles (pL 1, E’, ^p). 

Difi‘erentiation of the flower parts of the accessory flower in the 
hood, with but one exception, follows the same sequence as those of 
the normally placed flower. In the normally placed flower the first 
flower part to differentiate is the lemma (pi. 1, -4, ^), but, since the 
tip of the lemma of the normally placed flower serves as the lemma of 
the accessory flower, no lemma is produced for the aqcessory flower. 
The first flower part to differentiate in the accessory flower is the palea 

It should also be pointed out that the accessory flower is not sub- 
tended by empty glumes as is the case with the flower of the normal 
spikelet in plate 1, B, e. Since there are no empty glumes present, 
the floral part of the hood cannot be classified as a spikelet, but must 
be considered as a flower. 

Soon after the palea of the accessory flower differentiates, the 
anthers and pistil differentiate just as in normally placed flowers. 
The successive steps in the anther differentiation are shown in plate 1, 
Gf an; i?, an; J, an; and J, an; and in plate 2, 0, an. Successive stages 
of pistil development are shown in plate 1, H, p; I^p; and J, p, Wliile 
functional pistils do not often develop in the flower of the hood, the 
pistil primordia are present and go through a part of their develop- 
mental cycle. 

The description of accessory flower development has been for the 
central spikelets only. Hoods and their accessory flowers also develop 
on the lemmas of the side spikelets (pis, 1, f?, a;, and 2, (7, fl and fi'). 
No hoods developed on the empty glumes of the plants grown for this 
study, but Harlan {4) has found them on the empty glumes of the 
progeny of certain crosses. 

More than one flower may develop on the lemma. They may be 
located side by side (pl.l, H, fi') or above each other (pis. 1, J, fi' and 
2, C, fi'). The more basal flower is the one which attains the greatest 
development. 

Only three anthers develop in a normal flower and this is the usual 
number in the accessory flowers. Three cases are shown (pis. 1, H 
and J, and 2, A) where four anthers have developed. 

Pistils begin development in the supernumerary flowers of the side 
spikelets as well as in the central spikelets (pi. 2, A, p). This obser- 


EXPLANATORY LEGEND EOR PLATE 2 

.4, Accessory flowers of the side spikelets showing the differentiation of pistils: p, Pistil initials. X 25. B, 
Base of a barley spike showing two supernumerary spikes: ep, Supernumerary spike at the position of the 
central spikelet; x, supernumerary spike at the position of the side spikelet. X 15. C, Spikelets of barley 
showing accessory flowers: fl. First-formed accessory flowers; second-formed accessory flowers; c.awu- 

like appendage of the hood; x, hood; an, anther. X 17. D, A spike of barley showing supernumerary 
spikes (sp) on both sides at the base, X 20. , An adaxial view of the accessory flower nearing complete 

development: g, Palea; a, lateral awnlike appendage of the hood. X 8. F, An adaxial view of the hooti; 
Awnlike appendage of the hood; h, hood. X 8. 
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vation IS contrary to a statement made by Arber ( 1 ') f K n + +i ~~ 

flowers of the side spikelets are male aJd only tho^ 

spikelets are complete. ' ^ of the central 

Several stages in the development of the lemma im.. 
resembling a hood are shown. In the earlier ?i?l ? i ^ ®fr«cture 
abaxial side of the lemma resembles that of an fS Sari 
that the margins of the lemma protrude sliditlv o ^^cept 

the point of origin of the accessed flower. ^ ^ opposite 

1 he margins of the lemma continue to grow (d 1 1 h ^ iir 

and form a pair of awnlike points CdI 2 r J «) 

portion of the lemma bejeerthea^iae 
tmues to grow (pi, 2, <7, r) and serves as the l^lSX “ 
flower As inaturity approaches the tip of the lenSJa 

rrand'l,'’S.<‘''' alfc'ptdtesT?!; 

DEVELOPMENT OF SUPERNUMERARY SPIKES 

They arise most frequently in the aTil ef ihfi ’ ^P)- 

giheleg; hat they .pWa? ‘^o plS^^fheltpSlS 

betftSrr BoSM?ptrl???pt“<Sf iff 
SSsTnSS ill: i: ??) “Trsfe V 

a culm consisting of three nodes At nic ^ ’ T ^^^^ched to 

ESsSilflssSSS 

glumes are present. On both sides of iL ° 

spike (fig. 1, sv") were foimrl i- “r.® smaller supernumerary 

the empty glumes of the side spikelets subtended b> 

three Tigat^d'^i^S^^^^^^ 1’ f fattened and has 

has also elongated No leaves fo 3°t' the primary spike 
The smallest supernumerary snite ffi these nodes, 

second node. spike (fig. l, sp") is attached at the 

DISCUSSION 

workers reglhlngthTnSerofnL^^^^ expressed by various 

ment of the hooded character TTia ®^^®^®®^^^®^y®3inthedeyelop- 
by Matsuura (7) have interpreted 

basis, but others have said tb a results upon a monogenic 

Regardless of the number of nene involved, 

discuss briefly what it seemf wotJi^ K be of interest to 

produce the hooded character *1^® g®«® f® do to 

that it diflfers^frX tL*norma^y^^^ the accessory flower shows 

m Its pattern of development ^ Th ^ V*® ongin and 

outgrowth from the ventral surface o/ of^Y ongmates as an 

le ventral surface of the lemma, a modified leaf, 
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rather than from an axis, A normally placed flower has two flowering 

dumes, a lemma and a palea, but the accessory flower has only a 

palea since the tip of the lemma of the normally placed flower serves as 

die lemma of the accessory flower. Finally, at the point where the 

accessory flower differ- 

eiitiates, the lemma of 

the normally placed 

flower develops into 

a hoodlike structure || l| ^^ 

with two lateral awn- 

like appendages. l llliiil H ^ 

If the pattern of 
development of the ac- 
eessory flower were 

exactly like that of a Uk/ K Mb^^KKK 
normally placed flower, 
the gene action in the 
production of hoods 
could be rather easily 
explained. Every cell |H||MB|H||^^ 
is believed to possess 
the same gene content 
as the fertilized egg, 
and since normal bar- 
ley plants have the 
ability to produce floral 
centers, all that the 
genes for hooded would 
need to do would be 
to initiate at the proper 
time, and at the 
proper point on the de- 
veloping lemma, the 
production of a floral 
center. But, as has ||||| || ||| | |^^ 
been pointed out, the 
accessory flower does 
not follow, exactly, the 
same pattern of de- 
velopment as the nor- 
mally placed flower. 

If a single gene or gene pair were responsible for the entire pattern 
of hood development, it would have to initiate the development of a 
floral center, inhibit the development of a lemma, and initiate the 
development of the hood and its appendages. It is not consistent 
with the accepted ideas of gene action to suppose that a single gene or 
gene pair both initiates and inhibits. Therefore, in view of the state- 
ment just made, a simple explanation would be that there is a group 
of closely linked genes responsible for the production of the hooded 
character. The first gene to act is the one which initiates the develop- 
ment of the floral center. Following the development of the floral 
center, the gene or genes inhibiting the development of the lemma act, 
and then those which control the development of the hood and its 


Figure 1.— The primary spike and supernumerary spikes of barley 
at the mature siage: 1. Nomial leaf; /, a biparted leaf; sp", supernu- 
merary spike originating at the second node of the primary spike; 
sp, primary spike; sp', supernumerary spike originating at the 
same node as the primary spike. 
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Altlioiigli most investigators explain the inheritance of hoods in 
barley on a monogenic basis, such an explanation is not entirely 
satisfactory when an attempt is made to explain how a single gene or 
gene pair could bring about the morphological changes necessary to 
produce the hooded character. 
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influence of JAPANESE BEETLE INSTAR ON THE 
SEX AND POPULATION OF THE PARASITE TIPHIA 
POPILLIAVORA^ 

By M. H. Brunson 2 

Assistant entomologist, Division of Fruit Insect Investigations, Bureau of FMomologn 
and Plant Quarantine, United States Department of Agriculture 

INTRODUCTION 

Tiphia popilliavora Roll, was first shipped to this country from 
Japan in 1920 as part of the program to introduce parasites that 
would reduce the population of the Japanese beetle {Popillia japoniea 
Newm.). Since that time 557 colonies of this parasite, each con- 
sisting of 100 females, have been liberated in New Jersey, Pennsyl- 
vania, Delaware, and Maryland, 553 of which were derived from 4 
colonies established from the imported material. In the course of 
scouting 194 of these colonies for adults over a period of years, the 
potential effectiveness of the parasite in reducing Japanese beetle 
populations was found to vary, not only at different recovered colonies 
each year, but at all colonies at intervals of several years. An investi- 
gation was therefore undertaken to learn the cause of such variations. 
The data were obtained at Moorestown, N. J., and vicinity from 1931 
to 1935. A preliminary report regarding the probable factors that 
cause a change in the population of T. popilliavora was published in 
1934.2 

REVIEW OF LITERATURE 

That certain insects are able to control the sex of their progeiu" 
has long been known, but only a few studies that clearly demonstrate 
this phenomenon have been reported. Chewyreuv ^ found that when 
Pimpla instigator F. parasitized pupae of different sizes a predominance 
of males emerged from the smaller pupae and a predominance of 
females from the larger pupae. When small, intermediate, and large 
pupae were furnished the female parasite, a majority of males issued 
from both the small and the intermediate pupae and a majority of 
females issued from the large pupae. When only the intermediate 
and the small pupae were furnished the female parasite, females 
predominated among the parasites emerging from the intermediate 
pupae and males among those emerging from the small pupae. Hold- 
away2 found that when Alysia manducator Pantzer parasitized host 
larvae that produced small pupae the parasite progeny were largely 
males, and from hosts that formed large pupae parasites of both sexes, 
but more females than males, were produced. Seyrig obtained 

1 Hoceived for publication April 27, 1938; issued September 1938. 

2 The author is indebted to J. L. King, in charge of parasite investigations at the Japane.st' beetle labora- 
tory, Moorestown, N. J,, for helpful suggestions and criticisms in the course of this study. 

3 Brunson, M. H. the fluctuation of the population of tiphia popilliavora rohwer in the 
FIELD and its POSSIBLE CAUSES, Jour. Econ. Ent. 27: 514-518. 1934. 

^ Chewyreuv, Iv. le role des femelles dans la d^teemination du sexe de leur descendance 
DANS LE GROUPE DES iCHNEUMONiDEs. Compt. Rend. Soc. Biol. [Paris] 74: t)95-fi99. 1913. 

5 Holdaway, F. G., and Smith, H. Fairfield, a relation between size of host puparia and sex 
RATIO OF alysia MANDUCATOR PANTZER. Aust. Jour. Expt. Biol. and Med. Sci. 10 : 247-259, illus. 19.>2. 

^ Seyrig, Andre, relations entre le sexe de certains ichneumonides (hym.; et l’uote aux 
DEPENS DUQUEL iLs ONTE VECu. Bull. Soc. Ent. Ftance 40: 67-70. 1935. 
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similar results with Echthromorpha Sauss. and Pimpla mam- 

liscaposa Seyrig reared from pupae of several species of Lepidoptera. 
He attributed this difference in sex to the infertility of small females 
which did not attract males so readily as did the large females, and 
to the small females selecting the small pupae and the large females 
the large pupae for oviposition, 

LIFE CYCLE OF PARASITE AND HOST 

There is only one generation of Tiphia popilliavora annually. 
Adults appear in the field for the most part between August 5 and 31. 
Females are most abundant between August 10 and 28. Species of 
Tiphia develop as external parasites on the host. The egg is placed 
ventrally on the host larva, usually between the fifth and sixth abdom- 
inal segments, and hatches within 4 or 5 days at 75° F. At this 
temperature the larval period lasts from 10 to 12 days, and then the 
cocoon is formed in a small cell which the host larva has made in the 
ground at a depth of about 5 inches. Shortly after spinning the 
cocoon the larva changes into a prepupa, and in this stage it Mber- 
nates. The pupa is formed the following July, and the adult emerges 
in August. 

The Japanese beetle also has only one generation a year. There 
are three larval instars, and the second and the third instars are 
accepted by the female Tiphia for oviposition. The insect hibernates 
as a tlurd-instar larva and pupates late in the spring. Adults begin 
to appear in June and may be found in the field through August. 

REARING METHODS 

Most of the female parasites used in the experiments were field- 
collected, although some were reared and mated in the insectary. 
Host larvae were obtained in the field daily except Sunday, and were 
used the following day. The containers for confining the parasites 
and host larvae for parasitization were 6-ounce tin salve boxes. 
Except when otherwise noted, four host larvae were placed in each 
container daily. To prevent mortality due to fighting, they were 
restricted to individual compartments made of tin. Soil was then 
introduced and packed to within a half inch of the top. Water and 
food for the parasite, the food consisting of a thick paste of powdered 
sugar and honey, were placed on small pieces of waxed paper on the 
soil. The female parasite was then introduced and the lid put on 
the container. The containers were kept for 24 hours in a cellar 
maintained at 74° F. At the end of this time the parasite was trans- 
ferred to another container with a fresh supply of host larvae, ^ food, 
and water, and the parasitized hosts were placed in pans 18 inches 
square and 2 inches high, each divided by vrooden separators into 
196 compartments 1 inch square. One parasitized larvae and a few 
grains of wheat were placed in each compartment, which was then 
packed with soil. The pans were also kept in a cellar at 74° and 
after 21 days were examined for parasite cocoons. The cocoons vrere 
placed individually in 2-dram homeopathic vials and stored in trays 
for overwintering and emergence the following year. 


Sept. W38 Infimnce of Japanese Beetle on Tiphia popillimora 


,381 


instar of host larvae preferred for oviposition 

Observations on the response of Tiphia popilliavom to host larvae 
of different instars showed that both second-instar and third-iiistar 
larvae are accepted for oviposition, although thirddnstar larvae, 
wWch are about twice the size of second-instar larvae, apparently are 
preferred. To determine the degree of preference shown for tliird- 
instar larvae, females were placed in containers in which larvae of 
the two instars were naade available either together or separately. 
In 1932 both a second-instar and a third-instar larva were placed in 
each of four compartnients in propagation containers. In 1933 one 
host larva was placed in each of eight compartments, a larva of the 
second instar being alternated with one of the third instar. The 
results of these observations are shown in table 1. 

Table 1,—Imtar of host larvae preferred hy female parasites for oviposition 


i 

Year 

Female para- 
sites 

Third-instar 
hosts para- 
sitized 

Second-instar 
hosts para- 
sitized 

Ratio of 
third-iiistar 
to second- 
instar hosts 
parasitized 


Number 

Number 

Number 



26 

991 

187 

5.3:1 


29 

348 

20 

l' ' 17.4:1 


RELATION BETWEEN INSTAR OP HOST AND SEX OF PARASITE 

PROGENY 

PARASITES FURNISHED HOSTS OP ONE INSTAR ALONE AND OF BOTH INSTARS 

TOGETHER 

From 1931 to 1934, inclusive, observations were made on the 
relation between the size or the instar of the host larvae and the sex 
of the parasite progeny. In 1931 and 1932 adult emergence was 
from cocoons formed when the female parasites were furnished only 
second-instar larvae for parasitization; in 1933 both second-instar 
and third-instar host larvae, and in 1934 only third-ins tar larvae, 
were provided. The results are summarized in table 2. 

Table 2. —Sex ratio of parasite progeny emerging from cocoons formed on second- 
instar and third-instar host larvae 

SECOND-INSTAR HOST LARVAE 


■ Year'' 

Female 

parasites 

Hosts 

Cocoons 

Hosts on Emergence of parasite progeny 
which 

cocoons j 

formed Alales | Females 

_ . . - i. 


Number 

Number 

Number 

Percent 

Number 

Percent 

Percent 

lorii. 

184 

2,510 

1, 314 

62.4 

863 

96. 4 

3.6 

1^2 

120 

3, 107 

1,232 

39. 7 

694 

89.5 

. 10.5 

1933--- 

26 

316 

162 

48.1 

117 

97.4 

2.6 

■ ''Total 

330 , 

5.933 

2,698 

46.5 

1,674 

9a 6 

6.4 


1 . \ \ i 

THIRD-INSTAR HOST LARVAE 




1933- ’ 

26 

1, 050 

■ 578 

.55. 0 1 

401 

32. 9 
32.7 

67.1 

1934--.- 

29 

360 

204 

58.3 1 

150 

67.3 

Total 

55 

1,400 

782 

■ 55,8 j 

551 

' 32.8 

67.2 
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Emergence of adult parasites from both large and small secoud- 
instar host larvae, obtained in the 1931 and 1932 experiments, showed 
conclusively that the sex ratio of parasite progeny developing on 
larvae of this instar is the same regardless of the size of the host- 
consequently, the data are not included in this paper. ’ 

The adults that emerged from cocoons formed on second-instar 
larvae were predominantly males, while those obtained from para- 
sitized third-instar larvae were largely females. Regardless of 
whether both second-instar and third-instar larvae, second-instar 
larvae alone, or third-instar larvae alone are furnished females, the 
sex ratio of the parasite progeny is practically constant for each 
instar of the host. There was a difference of 10.3 in the percentage 
of parasitized host larvae of the two instars that yielded cocoons. 
The difference may be explained by the fact that many of the second- 
instar larvae molt before the parasite egg has hatched, and the parasite 
egg is dislodged along with the larval skin. 

PARASITES FURNISHED HOSTS IN THE SECOND INSTAR AND THE THIRD INSTAR 
THE SAME DAY AND ON ALTERNATE DAYS 

In 1934 two series of females reared and mated in the insectary 
were used to ascertain whether the sex ratio of the parasite progeny 
when the female parasites were furnished host larvae in the second 
instar and the third instar on alternate days would differ from the 
sex ratio when they were furnished host larvae of both instars on the 
same day. The results are shown in table 3. It will be seen that 
the parasite progeny emerging from second-instar hosts are largely 
males and those from third-instar hosts are predominantly females. 

Table 3. — Sex ratio of 'parasite progeny when females were furnished second-instar 
and third-instar hosts on alternate days and when f urnished hosts of both instars the 
same day 

DIFFERENT INSTARS ON ALTERNATE DAYS 


Females (number) 

Instar of host larvae 

Cocoons 

Emergence of parasites 

1 Total 

Males 

Females 

-93 

(Third. - 

1 Second 

Number 

693 

169 

Number 

517 

118 

Percent 

40.2 

99.2 

Percent 

59.8 

.B 

BOTH INSTARS ON SAME DAY 

30... 

(Third. 

(Second 

585 

338 

424 

! 226 

46. 2 
100.0 ; 

53.8 

■ ■ 0 ■■ 


PARASITE EGGS TRANSFERRED FROM HOSTS OF ONE INSTAR TO THOSE OF ANOTHER 

Second-instar and third-instar larvae that had been parasitized by 
females reared and mated in the insectary were obtained, and the 
parasite eggs from each host instar were transferred to the other 
instar. 

The transfer of eggs from one instar to another presented a special 
problem. Owing to the activity of the host larva and its smooth outer 
body wall, it was difficult to find an adhesive that would attach the 
parasite egg securely to the host. Wood glue, shellac, rosin dissolved 
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in alcohol; celluloid dissolved in acetone, egg albumen, and several 
commercial adhesives were tried, but the best results were obtamed 
with a mixture of tire-patch cement and benzine. The eggs were 
removed from the host larvae and placed on moist blotting paper in 
Petri dishes. The larvae were then placed in a jar with a few drops 
of ether to quiet them. Eggs from host larvae of one instar were 
attached to host larvae of the other instar in the position of the original 
egg, care being taken to place the ventral side of the egg in contact 
with the host and the anterior pole of the egg along the median ventral 
line. The host larvae were placed in flats and handled as previously 
described for the formation of cocoons. 

The data given in table 4 show that the sex of the parasite progeii}^ 
is determined at the time of oyiposition, and is not aftected by the 
quantity or quality of food available for development. 

Table 4. — Sex ratio of 'paraBites emerging from cocoons foryned when parasite eggs 
were transferred from second-instar to third-instar host larvae and vice versa 


Eggs transferred from- 


Seeond-instar to third-instar host,. 
Third-instar to second-instar host . 
Check (third-instar host larvae)... 


Total 
hosts par- 
asitized 

Total 

cocoons 

Parasites emerged 

Total Males Females 

; 

Number 

Number 

Number 

Percent 

Percent 

700 

125 

39 

97.4 

' 2.6 

674 

89 

34 

44.1 

66.8 

925 

580 

334 

38.3 

61, f) 


SEX OF PARASITE PROGENY RESULTING FROM PARASITIZATION 
OF HOST LARVAE BROUGHT FROM THE FIELD IN AUGUST AND 
SEPTEMBER 

To learn the effect of the larval instar of the Japanese beetle in the 
field on the sex ratio of Tiphia popilUmora parasites, in 1933 host 
larvae were brought from the field daily in August and September and 
submitted to parasitization by females reared and mated in the 
insectary. The emergence data are summarized in table 5. That the 
data might be compared with average conditions in the field during 
this period, the ratios of second-instar to third-instar hosts as deter- 
mined from surveys made in 1932, 1933, and 1934 are included. 

Table 5. — Parasite emergence from cocoons formed on hosts taken from the field in 
August and September 1933, and average percentage of hosts in second and third 
instars in 1933, 1933, and 1934 


Parasites emerged, 1934 


Averag<3 hosts in indi- 


Period 

Cocoons, 

1933 

!• ■ 

Total 

Males 

Females 

Second 

I'hxrd 


Number 

Number 

Percent 

Percent 

Percent 

Percent 

Aug. 11-20.. 

....... 607 

290 

94.5 

5. 6 

67.2 

1. 5 

Aug. 21-31 

- 1,578 

847 

81.5 

18.5 

61.4 

24.6 

Sept. 1-10 ....... 

1,917 

1,312 

45.4 

54.7 

42.3 

61. 2 

Sept. 11-20 

799 

491 

34.0 

66. 0 

26.5 

72 5 


92849 — 38 — —5 


384 


Journal of Agricultural Rcmirch 


oL ,57, N't, 


” a ’7 ?0IN?fD^S5cST ““ 

nr ..thors conld [>e attributeH to f/lK “ 

host hu-vao i„ the third i...tar Sb/lt Votal ^ 

N‘von cobny points were selected to ivpresent v- ri o/. 

abunctiiiire of the parasite. ^auoub degrees o| 

I fi«‘ results «)f tliese surveys are shown in a i • i 

centap' of third-iiistar hosts anil also the greatest numbiM-'l^f*/’*’’' 
larvae per sipiare foot occurred at Lansdowia,Vn.? n ■ 7?^ 
••olony points where the parasiL has ^ Oanerch. Pa., the 

Host larvae were fairly abundant at” li/ighorne 

a^ire of larvae in the third instar was not suffici«\th hitb f 5 

site to be abundant. The number of ho«t I.,., ^ 

?i;:t:;VL^i^riortt 

high enough to maintain a colony.^ " “ ^ 

colonu point, in August im 


Colony iwiint 


Abunclnnee of 
parasitos 


Date of 
survey 


Iihlitin Hill pasture, Jobstown, 
N.J. ’ 

Camp Dix, Wrlghtstown, N. jr 

IferkfT’s pasture, Mcwrestown. 

■ -iN.i. * 

^'[PPiueott’s pasture, Johstown, 

Langhorne Country Club, Lang- 
borne, Pfi. 

l4insdowiie Country Club, Lans- 
dowiie, Pa, 

Lianercb Country Club, Llanerch, 

Jrli* 


Abamr.. 


-....do.... 


Scarce.. 


Aug. 


do._. 


Fairly abun- 
dant. 

Very abundant. 


...do 


Dig- 

gings 

Total 

hosts 

found 

jAverage 

bOfits 

per 

square 

foot 

Xumber 

N'umbei 

Xumfter 

84 

230 

2.7 

84 

142 

1.7 

84 

245 

2.9 

82 

- 263 

' 3.2 

82 

29.3 

. 3.6 

82 

209 

2.5 

.33 

66 

2.0 

46 

80 

1 1.7 

46 

73 

1.6 

82 

403 

4.9 

82 

626 

7.6 

82 

739 

9. 0 

62 

683 

11.0 

62 

539 

8.7 

82 

647 

7.9 

67 

787 

11.7 

82 

821 

JO. 0 

56 

1, 198 

21.4 

75 i 

1, 06<> 

14.2 

75 1 

934 

12.5 


Hosts in indi- 
cated instar 


Second 


Percent 
Ck 9 
54.9 

79.2 

10.2 , 

49.4 • 
88.5) I 

3.0 
.33.7 I 
50.1 
.7 

44.0 . 

87.0 I 
55. 5 
73. i i 

35.5 ! 
64. 6 I 
69.4 1 
57.7 
79. 6 

66 . 6 I 


I’hird 


Percent 

0 

0 

4.0 

0 

5.8 
4.3 
0 

1.2 
12. 3 
0 
0 

.5 
.4 
1. r> 
0 

LI 

12.3 

0 

1.9 
23. 9 


suggested that a scarcity of Sd- nsHi hrvo! t ?- ^^t^progeny 
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A survey was conducted at eight points in New Jersey and Pennsyl- 
vania from 1932 to 1935, inclusive, to ascertain the relative number of 
the various immature stages of the Japanese beetle present in the 
field during 10- or 11-day periods in July, August, and September. 
The results of this survey for August, the period in which Tiphia 
popllUavora adults appear in the field in greatest abundance, are 
shown in table 7. 


Table 7 . — Relative abundance of the immature stages of the Japanese beetle in the 
field in August 1932^ 1933 ^ 1934, and 1935 


Year 

Period of 
survey 

Eggs 

First in- 
star 

Second in- 
star 

Tiilrd in- 
star 

1932 .. - 

Aug. 1-10 

Percent 

20.1 

Percent 

40.4 

Percent 

39.4 

Percmt 

0.1 


11-20 

5.0 

17.4 

75.4 

1.7 


21-31 

.04 

5.2 

66.3 

MA 

1933 

1-10 

30.0 

38.5 

30. S ■ 

.1 


11-20 

5.1 

37.7 

56.0 

l.l 


21-31 

1.3 

mA 

50.4 

24.9 

1934-.. 

1-10 I 

21.9 

43.8 

33. 5 

, .8 


11-20 i 

5.3 

22.4 

70.7 

1.6 


21-31 1 

. .8 

11.1 

67.4 

20.7 

1935 

1 1-lQ 1 

28.5 

59.8 

11.7 

.0 


11-20 1 

11.5 

48.9 

39. 6 

.0 


1 21-31 

1.7 

31.5 

fH.6 

2.2 


DISCUSSION 

The data obtained in the course of this study show that the valua- 
tion of Tiphia popilliavora populations at different colonies anuually, 
and at all colonies at intervals of several years, is a result of the 
reaction of the parasite to Japanese beetle larvae of different instai's 
on which oviposition occurs, and to variations in the total population 
of the host in the soil at the time adult parasites appear. 

During August, the period that adult parasites are most abundant, 
the three larval instars of the host are available for parasitizatiou 
(table 7), but only larvae in the second and third instars are selected 
for oviposition. A definite preference was shown by the parasite for 
third-instar larvae for oviposition (table 1), although second-instar 
larvae were readily accepted (tables 2 and 3). Regardless of whether 
both second-instar and third-instar larvae, second-instar larvae alone, 
third-instar larvae alone (table 2), or larvae of each instar on alternatt* 
days (table 3) were furnished parasites for oviposition, the progeny 
from second-instar laiwae were largely males while those from tliinl- 
instar larvae were chiefly females. When parasite eggs were trans- 
ferred from second-instar to third-instar larvae, and vice versa, the 
sex ratio of the progeny was not changed (table 4).^ These data 
show that the sex of the progeny is determined at the tiine the egg is 
placed on the liost larva, and is not affected by the quantity or quality 
of the food available for development of the parasite. 

That the sex ratio of the parasite progeny in the- field might vary 
with the proportion of larvae in the second and third instars is shown in 
table 5. There is a definite relation between the increase in tlie pro- 
portion of larvae in the third instar at intervals of 10 to 11 days and 
tlie increase in female parasite progeny. 

These facts explain the variation in the parasite population at dif- 
ferent colonies annually where the third-instar larvae might he rela- 
tively abundant or scarce regardl(^s of the total larval population 
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(table 0), ami at^all coloiiies^.at intervals of several years wiien a varia- 
tion in the relative proportion of tliird-instar to seeoiid-instar larvae 
ini^rlit result in a scarcity of- tiiird-instar larvae altliou^Ii tlie total 
larval population may be norimd (table / )*■ 

SUMMARY 

A study was condueted from 1931 to 193o cm the relation Ijetwecui 
Tipkai pitpfllkironi Koln and the three larval instars of its host, the 
ffaf)aiiese beetle (I^qallia japimiea Newim), for the purpose of explaiii- 
tlie variation in the parasite populatioii at different colony points 
annually and at all colony points at intervals of several years. 

Botli sec’ond-instar and third-instar iiost larvae were accepted for 
parasitizaticm, altlioiigh third-instar larvae were preferred. Jbirasite 
devc‘lopment went to completion on both second-instar and third- 
instar larvae. 

lbirasit(‘s frcmi seeond-instar larvae were predominantlv males and 
tlcose from third-instar larvae were predominantly females. 

Parasite^ eg^s transferred from seeond-instar to third-instar larvae 
produced a prej)onderance of males, and parasite eggs transferred 
from tliird-instar to se(*ond-mstar larvae produced both males and 
femahvs f)ut more females than males, indicating that tlie sex of the pro- 
getiv is delermiiied at tiie time the egg is placed on the host. 

Tlu^ pre\uiiling liost stage in the field during August, the period of 
greatest adult parasite activity in the field, is the second iiistar, 
although third-instar larvae usually occur in considerable numbers tlie 
latter* part of the month. The scarcity of third-instar host larvae 
during the period of greatest parasite activity greatly reduces the 
effectiveness of the parasite regardless of the total population of the 
host larvae. 

The variation in the relative number of host larvae that are in the 
third iiistar and also in the total host population at different colony 
points in the area heavily infested with the Japanese beetle tends to 
cause a variation in the parasite population at different colony points. 
A gi'adiial or marked decrease hi the number of host larvae in the thircl 
instar at all colony points at intervals of several years explains the 
marked reduction in the parasite population at similar intervals. 


MICROCHEMICAL STUDIES OF POTATO TUBERS 
AFFECTED WITH BLUE STEM DISEASE ' 


Bv L. M. Hill, assistant in plant pathology. Department of Plant Pathology nmi 
'Forestry, and C. R. Orton, director, West Virginia Agricultural PlrperiMent 
Station - 

INTRODUCTION 

A new disease of potato {Solanum tuberosum L.) in West Virginia 
was described by Orton and Hill (6) ^ in 1937. It has become known 
as blue stem because of the characteristic discoloration of the stem 
during the later stages of the disease. 

This paper is devoted to comparative microchemical studies of 
healthy and diseased tubers^ of the Russet Rural variety. Sucli 
studies present certain complicated factors because the test for any 
specific compound may be profoundly nmdified by the presence C)f 
other substances that mask or interfere with the tests. 

The term ^hiecrotic area^^ refers to the area composed of apparently 
dead cells as shown by a brown discoloration, which is usually accom- 
panied by a granular deposit. The term “zone” applies to an area of 
definite extent surrounding the necrotic region. 

The technique used was that of Tunmann (7), Molisch (3), Emich 
(S), Hinrichs (4), and Chamot (Jf). The use of the petrographical 
microscope is clescribed by Chamot and Mason (8). 

MEMBRANE SUBSTANCES 

Cellulose, — Place sections in a drop of iodine-potassium iodide; add 
a drop of 75 percent sulphuric acid under the cover glass. Cellulose 
membranes become blue. Cellulose is birefringent. Cellulose tests 
applied directly to the necrotic areas in the phloem and parenchyma 
proved negative (pi. 1, A and R). Schultze/s reagent dissolved the 
suberized deposit resulting from the disease; when this treatment was 
followed by the polarized light test, the results were positive (pi. 2, 
A and B), The zones gave positive tests throughout. Yiflien the tests 
were applied directly to the necrotic trachea without the use of 
Schultze's reagent, the tests were positive (pL 3, C and D), 

The cell wmls remaining after this treatment were hydrolyzed in 
75 percent sulphuric acid. The fact that the dissolution of the depos- 
ited substances in the necrotic areas leaves the cell walls intact 
suggests that these substances are formed from the cytoplasm ratlier 
than from the cellulose walls. 

Pectic Substajiees. — Treat with a dilute solution of ruthenium red 
for 20 minutes, wash thoroughly. All pectic substances stain red; 
they are soluble in 2 percent potassium hydroxide. With 3 percent 
ammonium oxalate they give calcium oxalate crystals. Tissues treated 

1 Received for publication February 2, 193S; issued September 1938. Scientific; Paper No. 201 of the 
West Virginia Agricultural Exi>eriment Station. 

2 The authors are greatly indebted to Dr. S. H. Eckerson for her aid in microchcmical teehnuiiie and 
for many valuable suggestions, and also to the Boyce Thompson Institute for Plant Research for laboratory 
facilities placed at the disposal of the first author. 

s Italic numbers in parentheses refer to Literature Cited, p. 391. 
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(lirertly with ruthenium red showed the absence of pectin in cell walls 
of the cliseased pldoeiiij parenchyma, and the adjoining cells. Sodium 
and potassium hydroxide failed to dissolve any part of the necrotic mass, 
wliercais the pectin in healthy cells was dissolved. On treatment with 
ainnioiiiiim oxalate, calcium oxalate crystals did not form in tlic 
necrotic area, hut were abundant in health}-^ tissue. The zmies gnvt‘ 
]>ositive tests for pectin. 

Lignin, — Place sections in alcoholic phloroglucinol; cover with cover 
glass and allow' a part of the solution to evaporate; add a drop of 25 
percent hydrochloric acid at the edge of the cover glass. Lignin 
stains red violet; soluble in 50 percent chromic acid. Lignin tests on 
both healthy and diseased cell walls of all tissues were |)ositive. 

Suk r hi. —Snherin and suberized deposits are insoluble in 75 percent, 
sulphuric acid, in 50 percent chromic acid, and in zinc chloride and 
liydrocliloric acid; they -are soluble in Scluiltze's reagent, stain red 
with Sudan III, and gave a sulphur yellow color with potassium 
hydr<)xi<le. Siiberin is anisotropic, and the suberized deposit isen 
tropic. T!ie membranes of diseased ]>hloem, parenchyma, and xyleiu, 
logetlier with the peu’iderm and cork cdls adjoining the rhizome attach- 
ment, gave a positive test for suberin. The suberized deposit asso- 
ciated with ail necrotic areas, stained with Sudan III and wuis insoluble 
in cliromic acid, sulphuric acid, and a solution of zinc chloride dis- 
solved in hydrochloric acid- In Schweitzer’s reagent the suberized 
deposit was insoluble and it gavc^ a sulphur-yellow color with 
potassium hydroxide. Suberin was anisotropic and suberized deposit 
isotropic (pi. 3, ^4 and if, and pL 4, ^1 and R). 

Necrotic areas treated with SchuUze’s reagent dissolved out the 
suberized deposit with the formation of fatlike drops which flow 
together like fatty oils,^ thus showing the presence of cerin in necrotic 
regions (pi. 2, A). Cerin was also present in the zones, in the periderm, 
and in suberized cells at stolen attacliment. The dissolution of cerin 
in the periderm left the cellulose w'all intact but faintly anisotropic in 
comparison with the eelliilose of the healthy parenchyma. Healtliy 
tissues gave a negative 'test for cerin. ' 

Diseased tubers cut through tlie necrotic zone and placed in a 
moist chamber at room teniperature for 6 days do not form wmund 
periderm, whereas healthy tubem do, forniing 6- to 1 0-cell layers. 
This indicates tliat a periderm is initiated in healthy cells, and that 
the cells in the necrotic zone have undergone a chemical change as 
the result of the disease, which prevents periderm formation. There 
w'as a normal deposit of suberin on the cut surface of healthy and 
diseased tubers. 

STORAGE SUBSTANCES 

Starch, — Starch grains give ajdiie color when placed in a W'eak 
solution of iodine-potassium iodide. They are birefringent. Orton 
and Hill (6) described an unusual type nf "starch hydrolysis wdiereby 
starch grains undergo^ a gradual dissolution, become spherical, reduced 
in size, but retain their characteristic crosses with polarized light until 
they almost disappear (pL 3, O ami D). There is a progressive dis- 
appearance of the starch from the apparently liealthy cells siirroimding 
the zone to tlie necrotic area which is usually devoid of starch. Starch 
grains are less numemus in parenchyma cells under tlie periderm than 
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A, Transverse section of necrotic phloem showing suberized deposit. X 780. By A with polarized lie hi 
showing fragments of cellulose walls which were masked by suberized deiKKsit, X 72i>, 









1 , N'eeratic paronch vnia un(l(‘r rn'ridorm which gave a iK)Sitive test for subonn. X B, . I wi; li i tolurj/.f . 
iifiht showiim anisotropic periderm, isotropic suberized deposit, and anisotrtapic ndluioseuf the iuSjoniin’^ 
pareiKdiyriia'. X 320. C, Transv(‘rse section of necrotic xyleni showinfr suinTized deposit in ve-sei, -.ind 
STimll sp*heri<*al starch grains aggregated around nuclei, X 3t>0. />, (' wilii polarized light showing iso- 

tropic suberized deposit in vessel, anisotropic cellulose in vessed wall, and small spherical >t arc n grmn'^ 
aggr<*gated around nuclei which have retained their cross until complete dissolution. X 







.4, Lon^ritiidinal section through healthy phloem showing gluwsazone foniiation in si^v- 
starch grains in parenchyma adjoining phloem. X 41.5. B, Healtliy parenchj mu t 
zones. X 270. C, Glucosazono in healthy parenohyina cell. X 4l.>. 


Note the 
iue showing glutmt 





'k’'srTSS'ssai.'SS.’s&^ 

pMrohati* wystals. X 
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ill other storage cells and when found in the eye tissues they are usually 
spherical and resemble the storage starch in the aerial parts of the 
potato plant. 

Glucose . — ^Warni the sections in Fliickiger's reagent for 2 to 4 
minutes; glucose indicated by a precipitate of cuprous oxide. Olu™ 
fosazones are formed when sections are treated with plienylliydrazine 
' hTdrochloride, 1 drop, and sodium acetate, 2 drops, for 24 hours. 
Glucose was present in parenchyma (pL 5, B and 0), phloem, and 
xylem tissues of healthy and diseased tubers, and occurred in high 
eoiicentrations in the zones surrounding necrotic areas (pL 6, A and B). 

Glucosazones are more abundant in the sieve tubes of the healthy 
tubers than in other tissues (pL 5, A). This is an indication of tlie 
role of the sieve tubes in the translocation of glucose, (Note tlie 
eiystals at the end of the glucosazones witliin the sieve tubes; the 
sieve tube wall has prevented the normal sperical formation of the 
osazones.) 

Glucose is removed with Fliickiger's reaction and washed 
out of the cells with 5 percent tartaric acid, warmed in concentrated 
magnesium chloride, and washed in 5 percent tartaric acid. Sucrose 
is inverted with invertase or weak acid and tested for glucose. Sucrose 
was found in verjr small quantities in both healthy and diseased tubers, 
with a slightly higher concentration within the diseased phloem cells 
and adjoining zones. It was more abundant witliin the phloem 
regions of both healthy and diseased tubers than in the storage tissue. 

Fat —Place sections in Sudan III for 20 minutes and wash with 50 
percent alcohol. All fatty substances stain red. When sections are 
placed in 10 percent potassium hydroxide many small globules appear, 
showing Brownian movement. 

Place sections on a slide in a few drops of saponifying reagent (equal 
volumes of concentrated potassium hydroxide and 20 percent am- 
monia) and seal the cover glass with wax. Saponification begiiis after 
a few" hours and continues for several days. Fat occurs uniforaih" 
throughout diseased and healthy tubers. The yellow" precipitate 
w"hich is associated with necrotic regions gave a negative test for fat. 
Healthy and diseased tissues placed in several changes of acetone for 
10 days and tested for fat gave a negative test. 

Protein . — After keeping in a 5-percent solution of copper sulphate 
for 30 minutes, w^asli the sections with water and place on a slide in a 
drop of 50-percent potassium hydroxide. Proteins give a. red to blue- 
violet color. In Alillon’s reagent the protein containing tyrosine 
becomes Vermillion red. Proteins give a yellow precipitate with a 
weak solution of iodine-potassium iodine. Protein W"as absent in the 
necrotic areas and the zones but present in healthy tissues, with 
greater concentration in the ^^eyes.” Tyrosine w"as detected with 
Alillon’s reagent in healthy tissue, in the apparently healthy cells of 
diseased tubers, occurring in greater concentration in the eyes; it 
w"as absent in the necrotic areas and in the zones. 

Solanine. — Cells containing solanine gjive a red color in a solution of 
sodiuin sulpliate in sulphuric acid, wMe in sulphuric acid solanine 
first gives a raspberry color, then changes to dark violet, and iinally 
becomes colorless. Healthy tissues gave a positive test. Necrotic 
regions and zones gave a negative test. 


Jmrnal of Agricultural Research 


MINERALS 


( ale, >m -ilaco tissue on a slide; run siinultaneously a drop of 
pereent Milpfumc and and a drop of water under the cover ylass 
the iorn.ation of calcium sulphate crystals. C’alcium oxalate Crvst k 
are detected by treating for 30 miiuite.s with a 2 percent -solution f 
oxalic acid, and hy adding a ilrop of alcohol to the edge of cover <das. 

( alcimn was found m equal quantities in both healthy and diseased' 

jtZ'i (.^lystal sand) wnis found \mifonnlv dis- 

tnluited m the tuber w'lth cubical calcium oxalate, crv'stals' more 

abundant m the parenchyma ti-ssue near the periderm ‘ 

fob/.v.y an, - Yellow civstals of potassium chloroidatinate are 
lormn m a 10 percent solution of platinum chloride. Place sections 
in a solution of sodium cobalt nitrite; a yellow crystalline precip tate 
of <0 issium cobalt nitrite is formed in the presence of potassimn 

potassilun ipl contained the same amount of 

"^/““Snesium sulphate, ammonium chloride 
ami wati i >ie ds crystals of ammonium magnesium phosphate wdiile 
ammonium phosphomolybdate crystals are formed in ^ammonium 

^ quantities of phosphates were dis- 

tnbiiteil uniformly m healthy ami diseased tubem ^ 

r,r ^ !l'-y_seetions with diphenylamine solution (1 percent 

of dqihepy aniine m 75 percent sulphuric acid). The presence of 

oolor.‘ whereas bruoine-snCrach! 
f, IS .1 It (1 color for nitrates. Nitrates were absent in necrotic areas 
and in the zone.s. In healthy tubers and apparently healthy cells of 
diseased fuher-s mtrate.s were uniformly distributed in storSe rissue 
but were more concentrated in the eyes storage tissue 

wamr!mT'''f~T‘’ sf»»-atod solution of ammonium chloride in 

A'lf aiwi diseased tubers. The absence 5 

^tairh within the necrotic regions made it possible to show the localiVa 
tion of magnesium wnthin the cells (pi. 7, B). cueiocaiiza- 

iised fm cWo’ride solution is the reagent 

in \ cry small quantities in both healthy and diseased tubem 

sgsaaHiHtsti 

».» m the Ferric ami ferroas toScyam'dc ™ 
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precipitated in the zones. In healthy tissues a blue color indicated a 
uniform presence of iron. A precipitate of ferric and ferrous ferro- 
cyanide was associated with the plastids. 

PHENOL 

Millon's reagent gives a cherry-red colors and Liebermanids reagent 
produces a red color. Phenol was detected in the necrotic areas of 
phloem^ xylem, and parenchyma; it was absent in the zones and in tlie 
apparently healthy cells of diseased tubers as well as in healthy tubers. 

OXIDASE 

Guaiaconic acid gives a blue color; after 15 minutes in a dilute solu- 
tion of benzidine, the cells containing oxidases become blue. Oxidase 
was concentrated in the zones. In both diseased and healthy tubers 
oxidase was also concentrated in the eye tissues and in tlie cortex 
under the peridenn. Guaiaconic acid applied directly to a freshly cut 
diseased tuber gave a blue color in the zones. Benzidine applied^ to 
freshly cut tubers produced a purplish-blue color in the zones after 
standing for 15 minutes. 

SUMMARY 

Comparative microchemical tests on potato tubers infected^ with 
blue stem, disease gave the following results: Cellulose and pectic cell 
walls were partially masked in the necrotic regions of phloem and 
parenchyma by a deposit of suberin. When the suberized ileposit 
yuis dissolved witli an oxidizing agent the cellulose walls remained 
intact. Cellulose and lignin gave positive tests in walls of necrotic 
xylem. A suberinlike substance which was detected in necrotic 
phloem, parenchyma, and xylem was soluble in Scliultze’s reagent 
and gave a positive test for cerin 

Starch grains were partially or totally dissolved in the necrotic areas 
and in the zones and were replaced by a higher concentration (>f 
glucose, with no abnormal changes in sucrose content. Protein, 
t^Tosine, and solanine were absent In necrotic areas and in the zones. 
Fat was found nniformly distributed throughout the healthy tubers as 
well as in the zone of diseased tubers, but was absent in the necrotu* 
areas. 

Calcium, potassium, phosphates, magnesium, chlorides, aiul sul- 
phates were found in very small quantities in botli healthy and diseased 
tubers. No nitrates were found in the necrotic areas and in the zones. 
Iron and oxidase were concentrated in the zones. Phenol was detecte<I 
in the cell walls of the necrotic areas, 
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A COMPARISON OF THE VITAMIN D POTENCY OF THE 
STEMMY AND LEAFY PORTIONS OF ALFALFA HAY* 

By G. C. Wallis 

jUsistant dairy husbandman, South Dakota Agricultural Experiuieut Station 

INTRODUCTION 

Experimental work in several laboratories lias shown that various 
kinds of hay carry measurable amounts of vitamin _D. Steenboek 
and his coworkers (7) ^ were the first to use recognized vitamin D 
assav methods to demonstrate that clover hay had a measurable 
"amount of this factor, and that the potency varied significantly with 
"the curing history. Russell (5) and Smith and Briggs (6') have shown 
that these observations also apply to alfalfa hay. Using rats as the 
test animal, they found little or no_ antirachitic activity in the leaves 
from samples of alfalfa hay cured in the dark, but demonstrated an 
increasing vitamin D potency in the leaves from samples of hay that 
were exposed to increasing amounts of sunshine during and after the 
curing process. Wallis, Palmer, and Gullickson (8) not only showed 
by standard line-test technique that prairie hay bought on the open 
market had a measurable amount of vitamin D, but they also dem- 
onstrated that it was of importance in preventing and curing the 
symptoms of vitamin D deficiency in young calves. Bechdel, Laiids- 
burg, and Hill (1) have also measured the vitamin D in hay and 
demonstrated its efiiciency in preventing and curing rickets in calves. 
In a rather extensive study Huffman, Duncan, and Lightfoot {S) 
demonstrated somewhat quantitatively the antirachitic value of sim- 
cured timothy and alfalfa hay in the ration of dairy calves, while 
Rupel, Bohstedt, and Hart (4) and Gullickson, Palmer, and Boyd (;7), 
also using calves, showmd that hay carries some vitamin _D, and 
ilemonstrated its importance in preventing tlie development of rickets- 
like svmptoms in young growing calves. 

During the processes of curmg and handling alfalla iiay tne leaves 
often shatter badly from the stems. _ So far as the wniter is aware, 
no studios have been reported to indicate whether the vitamin U is 
distributed evenly throughout the plant or is concentrated more 
heavily in certain portions. The present investigation was therefore 
ilesigiicd to study the vitamin D activity of the stems as compan'd 
witlf that of the leafy portion of a sample of alfalfa hay. 

experimental methods and results 

The alfalfa hay used in this experiment was taken from the mow 
of the dairy bam, and represented a random sampling from the regular 
lierd supply. It was a good quality green-colored sample from a crop 

1 HewIvwI tor publication March M, isst^ Bomber IW. 

If tliic Diiuilht'rs in t>Er©iith©S0S to px 
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which hmi hoen cut on June 15, cocked within a day or two atul 
liiiiibd to the bam between June 29 and Julv 3, 1937 u 
otu> Iifrht aliower of rain After ti.e sample had been obtaitie<l the 
waves were stripped carefully from the stems by hand and were found 
b. represent 49.4 percent of the weiKht of the'hay, leayim' 50 , 
cem tor tf.e stems. Each .samjde was Krouml separately to a th e 
pfw.ier m a \\i ev null, placed m sealed glass jars, and stored in •, 
retrip-rator unti the assay was completed during the next 2 montlN* 
Ihe regular Ime-test ’ technique was used for evaluatino- the 
vKaimn I) content of these samples. The samples were assayed at 
I-. and d-g levels by taking the required amount of the material 
a id nworporating it in sufficient of Steenbock’s rachitogenic diet \ 
iltiM o make a total of 40 g. This 40-g portion was usually con- 
sumed duimg the first / or 8 days, and the rachitogenic diet only was 
given for the remainder of the 10-day period. Two standard refer- 
ence groups of rats were assembled during the assay of each material 
one group riweiving a total of 5 International units of yitamin D and 
H othei, S International units. Large litters were distributed evenly 

::r' 


Table 1.- 


m- vitamm I) potency of the stems and leaves of alfalfa hay as compared 

With standard reference oil 


and quantity 



SlARfliiri! riiferimf® oil; 

li InttTiiiikiiitl iiults 
^ I BtmiM tonal ualti.. .. 
Irmvm from »ira!f» l»y; % g 
rt*ffr®nw oil: 

5 liJlfeTMifesal nulls. 

8 Inter national unltij 
$tmm tom alfalfa hmi 
! 


aiderablv less response than s of “‘e stems gave con- 

only sliglitlv rnoTXn vitamin D and 

stnnm ? International units. Two grams of the 

Cah.uhrtioiH fJTthSjfi®^ response than 5 Intema^tional units, 
t he ant'irachhic farfor”*^* exactly six tunes as potent as tlie stems in 
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This I’eUitioiisliip in potency between the leaves and the stems is also 
naiirhiy indicated by another line of reasoning from the above data. 
( )ne gram of leaves gave an average healing of 2.0G + while 3 g of stcnns 
[(‘<1 to rats, many of which were litter mates, gave an average healing 
of only 1 .()3 + , nt‘ ©^^ctly one-half of the amount. While the lumieri- 
eal' values assigned to the healing responses are not necessaiiiy in 
proportion to the units of vitamin D fed, still in this experimejit the 
a v(U‘age liealing response shown by fairly large groups of rats assembled 
by assigning litter mates to various levels of vitamin D feeding was 
approximately proportional to the vitamin D received. This rela- 
tionship held most closely over ranges of healing where differences in 
response to graded doses of vitamin D could be most accurately 
(‘valuated, as between about 0.5+ and 2.0+ healing. For example, 
in the reference groups used with the leaves, 5 International units of 
vitamin D gave an average healing of 0.98+ and 8 units showed a 
proportionate response of 1.58 + , If this observation is applied to tlie 
iiealing data for the rats on the stems and leaves where tliree times 
the amount of material gave only one-half the healing response it 
again gives a rough indication that the leaves are approximately six 
times as potent as the stems. 

If the superior potency of the leaves over the stems which was found 
in this sample of alfalfa hay proves to be quite generally true as more 
samples are tested, it provides still another reason why care should be 
exercised to conserve the leafy portions in the processes of making and 
liandling alfalfa hay. It also indicates that alfalfa leaf meal would 
have special value in the rations of young growing animals such as 
calves, pigs, and chickens when the conditions are such that a vitamin 
D deficiency is likely to occur. 

SUMMARY 

A representative sample of good quality green-colored alfalfa hay 
was carefully divided into its leafy and stemmy portions. ^ The leaves 
represented 49.4 percent and the stems 50.6 percent of this sample of 
hay. The vitamin D potency of these two portions was obtained l>y 
using the standard line-test technique. The leaves were found to be 
about six times as potent in vitamin D as the stems. ^ They contained 
approximately 10.45 International units of vitamin D per gram, 
whereas the stems contained only 1.72 International units per gram. 
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FOLIAR DIAGNOSIS IN RELATION TO DEVELOPMENT 
AND FERTILIZER TREATMENT OF THE POTATO ' 

H\- Walter Thomas, professor of plant nutritionj and Warren B, 'Ma<,'k» proks- 
sor 0 / vegetable gardening^ Pennsylvania Agricultural Experiment Station 

INTRODUCTION 

Foiuir dia^Tiosis is defined (i, 6 ) ^ as the clieinical condition or state 
(clieniisin) of a leaf with respect to the dominant nutritive eleineids 
(entities) at the instant of sampling, and taken from a predetermined 
and suitable position. The annual foliar diagnosis of a plant consists, 
tlien, of a sequence of conditions or states with respect to the quantities 
of the dominant nutritive elements in the leaf, taken from a pre- 
determined position, as revealed by analysis at (iifFerent stages <luring 
the growtli cycle from one year to another on the same soil in a 
given location. 

It has been pointed out (d) that the keystone of the method of foliar 
diagnosis rests upon facts experimentally established ® { 2 ^ o, 7), which, 
briefly summarized, are as follows: 

Plants growing on two experimental plots whi(*h are similarly 
nourished (as deduced from similar development and yields) are 
represented in general and with a sufficient approximation by similar 
foliar diagnoses; and, conversely, plants growing on two ])lots which 
are differently nourished (as deduced from different development 
and different yields) are represented by different foliar diagnoses. 

The purpose of the work reported in this paper was to determine 
relation of the foliar diagnosis of potato plants grown on the vege- 
table fertility plots of the Pennsylvania Agricultural Blxperiment 
Station to the development of plants from duplicate (similarly fertil- 
ized) plots and to the fertilizer applied. 

The point of departure of the method of foliar diagnosis from the 
methods of traditional agronomy is that it utilizes as an analytical 
expression of plant performance not the soil nor the fertilizer applied, 
hut the chemical condition of the leaf at different stages in its life 
cvcle. 

MATERIALS AND METHODS 

EXPERIMENTAL PLOTS 

Tl)e ])otato plants used in the present investigation were grown on 
tiers 1, 2, 4, and 5 of tlie station vegetable-fertilit}^ plots wliich were 
hiid out in 1916. A description of the experimental plan has been 
given by Mack (5). The plots ^ are 12 by 36.3 feet and are separated 

t Rw'lved for piibiieatfon lamiary 18 , 118S8; festted Stpltiabw IW* Pujter No. Sit In tlof loiirfml 
of the Pennsylvania Agrtoiltiiral Exjperliwnfc Stelion. 

^ Italk* numlMfrB in paronthesfs refer to Lijter#tRre 0lte4, p* 414, 

3 Thomas, Walter. r-oMPosiTroN of lmvm of sam 8 mtKCiiofiiCAi. agk, as 
PE imnacALLir, or applb trees orowk m metai* spRjKfin to WfrEtwKf tmaimiws 

WITH NVTRiiNT salts. UnpuhlfehiHl. 

< To tMinstTvo whoro tier and niot are rtforr^ t# two figitros are tm first inuleatlnf 

tiiT, the second, plot; l-'i'—tlcr 1. plot 2. 

Joiiriml of Agrlmilturiil Resenreh, 

WiahingtoiL IN 0, LI 

Kiiy Nil 

nKpRi— M*— 1 : 
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by guard strips 6 wide ; the fertiJ^er treatment of each plot ext^, 
to the middle.of the guard stop The area of the plots LciiSive S 
guard strips is one-hundredth of an acre. The experimenhd r'lr 
consist of a 4-year rotation of cabbage, potatoes, tomatoes, arid S? 
conj: Kye and vetch axe used as a cover crop. The fertilizpix nro 
applied 111 different combinations before the last harrowinn m, l ,! 
manure (partly rotted horse manure) before the land is plowed The 
vaiiety of potato {Solanum tuberosum L.) is the Rural RussS' The 

tiers and plots e.xamined m 1935 together with their fertiHzer treat 

merits are given in table 1 . treat- 


Table I,— Tien and plots examined and fertilizer treatment 


given, 1935 


Titr I Plot 
Xo. ( Ho. 


applied i 


2 

W 

3 
U 

4 

11 
6 

12 

7 

II 

8 
Wl 
le 

8 

IS 

3 

4 

4 

8 

5 


uilrate 

I |Sai)«*piiaphat©. . . . . 

I I PoiMfliim cMorMe . . 

IlSodtois. „ 

1 Stipwpliap&ate 

ISoaloffi nitrate 

iFotoffiitim eWoride», 
fSiiperpliMphate.. „ „ . 
iFotessInin chloride _ 

fSodliim nitrate 

I Siiperpliotphate . . . . . , 
IFottalnm cWwide.„ 


Amount 
applied 
to plot 


N, PsOb, and KsO 
equivalents 
(pounds) 


|Eott «3 l»r» r 


’Sfxiii3m nilmte, ...... 

'Buptfptophate ri 

Potasslum^ oWoride 

.Sodium nltrste irilll” 

BuptrpbtMpiiato.. 

^Fota®ium eWorlde ..I 

■Sodium nitmto... , 
Superphosphate. ... TT’ 

Pofcasitomclilodde... 

■Sodiuro nitrate 

,Siif»r|’jhcwphate.. .Ill 

.PotWfiuin I 

{ Sodium nitrate..-. 
Superpliosphate., 


Fote«i«m t^lorMelllllllllllllll 


Pemdti 

4.0 

■6. 25 

l.<}66 
4.0 
6.25 
4.0 
1. 666 
6.25 

1. 6fi6 

4.0 

6.25 

1.666 

8 600 


Symbol and ratio 


0 . 6 . , 
1 . 0 ., 


. 6 . 

1 . 0 . 

. 6 ., 

. 8 ., 

1 . 0 ., 

. 8 .. 


I.O...., 

|4l62‘(Ki 

• 3,08 (PsOs) 

13.78 teO).. ...... 


N. 


HP. 

'NK, 


•PK. 


>NPK:, 6:10:8. 


- U 5 : 10 : 12 . 3 .s 



5N) PJEC, 9:10:8. 


,.|[N(L 6 P)K:, 6 : 15 : 8 . 

NP(i. 5 K), 6 : 10 : 12 . 
.i|-0.5CXPK), 3:5: (. 

'2(NPK), 12:20: !§. 


; colaxBB. 

Ratte is « a bMls Of twoeotogos ta I.000 poaods por acre of complete totUte. 

The complete fertilizer (NPK) has a ratio N-P O -v n_R.in.o 

^tfKTilsV&TS this ploSre at the 

pounds cff KTI pouncis of superphospbatey and 1J66 

methods of samfling 

pubiSibn have been given in an earlier 

avefage'ofTC n^cifllr^*® that were abnonnal in relation to the 
first Btmpl« ^ The 

oprd pomit the 
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of material sufficient for analysis. The other samples were collected 
at intervals. 

The leaves were dried in a drying oven immediately after being 
brought from the field and were then ground in a Wiley mill. 

PRESENTATION AND DISCUSSION OF RESULTS 

It will simplify the interpretation of results to divide the plots 
according to treatments, as follows: 

(1) Plots receiving the standard fertilizer (S) and those with one or two of the 
elements omitted, viz, plots receiving N, P, K, NP, NK, PK, NPK. 

(2) Plots receiving different proportions of N, P, and K in complete fertilizers, 
I e., plots receiving complete fertilizers differently equilibrated — viz, plots 0.5 
(NPK), 2(NPK), (1.5N)PK, N(L5P)K, NP(1.5K), and also 30 tons of manure. 

APPEARANCE OF THE LEAVES 

The appearance of the leaves of plants receiving different treat- 
ments was markedly different. 

The N plants, which were small and erect, had small leaves, rugose 
or wavy along the margins, and dark green; many were folded upward 
along the midrib. 

The P plants were a little larger and less erect than the N plants; 
the leaves were larger and a little lighter in color, but otherwise not 
very different from those on the N i>lots. 

The K plants were about the same size as those on the N plots, but 
the leaves were distinctly larger, smoother, and ligliter in color. 

The NP plants were somewhat larger and darker green tliat those 
on the P plots, but similar in other respects. 

The NK plants were about the same size as those on the P plots, 
but the leaves were smoother; they were a little lighter in color than 
those on the NP plots. 

The PK plants were distinctly larger and more spreading than any 
of tlie foregoing, and the leaves were fairly large, Jiearly smooth, and 
lighter green than those on the other plots, except possibly on the 
inanure plots. 

The N PK plants were a little smaller and less spreading than those 
on the PK plots; the leaves were a little smoother and lighter in color 
and also little larger than those on the NP plots. 

The “manure^^ plants were the largest of all, and were less spread- 
ing and slightly darker green than those on the PK plots; the leaves 
were folded somewhat, but were little waved along the margins. 

The (1.5N) PK plants were about the same in most respects as 
those on the NPK plots, though they appeared a little less vigorous 
and slightly darker green. 

The N (i.5P) K plants were larger than those on the NPK plots, and 
the leaves were larger and less folded; the color of the leaves was 
about the same as that on the NPK plots. 

The NP (1.5K) plants were more spreading than those the NPK 
plots, and the leaves were smoother, larger, and lighter green. 

The 0.5 (NPK) plants closely resembled the N plants, but they were 
a little lighter in color. 

The 2 (NPK) plants resembled those on the NP (l.olv) plots, but 
they were a little larger and darker green, and the loaves were more 
fokled . 
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DEVELOPMENT OP THE PLANTS 
Method op Deteemining Development 

Eio deveiopinent of the plants was determined in tlie follfiwin.r 
maimer; omo\vm<r 

Plants were taken from the two halves of jiuard strips adiacent to 
a -riven plot, which received the same fertilizer treatment as the plots 
heiiifr sampled. At each date of sampling for plant cie%'eloDnient 
winch was witlun a day or two after the date of leaf sampling for foliar 
diagnosis, a plant was dug from every third row lengthwise of the plot 
and intervening rows were sampled at later dates. Eight plants 
halt from each guard strip, constituted a sample on each date 

I'here is a possibility that some of the roots of these plants e.xtended 
f>eyond the area receiving the particular fertilizer treatment into the 
area reciuving the treatment of the adjacent plot. If this occurred 
the effect wa.s not sufficient to appear in the tops of the plants which’ 
were a[)[)arently like those of the plot which they were considiu-ed to 
refiresH'iit. This method was followed to avoiddisturbing plants on 
the plots proper, the yields of which would veiy likely have been 
influenced by the removal of plants, even if corrections had been made 
for the missing plants. 

The roots of the plants were bru.shed free from adhering soil and 
the individual plants were weighed immediately, fimt entirely and 
tlum with tops remoyed. The data for all underground portions 
including roots and tubem, were recorded together. At the fimt 
■samp ing, roots constituted most of the combined weight, but at later 
samplings the tu^rs accounted for an increasingly greater part of 
the weight. Original seed pieces which in many cases were attached 
to the plants were remoyed before weighing was done. 

I he plants developed in a regularly progressive manner without 
any injunous factors affectmg growth. Tlie development of the aerial 
parts of the phints from duplicate plots varied greatly in some plots 
and especially m the following paii-s; NPK (Nos. 4-8 and 1-10) : PK 

iT( PK (Nos. 

- 4 and -> -14). Die development was more nearly alike in plants from 
duplicate plots that did not receive potash; that is, in N (Nos. 1-2 and 
4 dh), NI (Aos 1-6 and 4-12), and P (Nos. 1-3 and 4-15). This 
fact suggests that potash nutation is a dominant factor in determining 
the great differences in the development of the plants in some of the 
duplicate plots; it may be related to the differences in the supply of 
watei U) or to other factom associated with soil heterogeneity.' 

Rel-ition or Rate op Growth Duiuno the Early Part op the Growth 

I EEIOD TO j^lNAL \ IBLD OF XUBERS 

'rable 2 givTO tlie weights of the aerial parts and of the tubem on 

3 rivi' ^ 10, and August 24. Table 

development as an indication of the growth rate 

yHir:.!' ^ 

Ihe parallelism within the plots of a tier is within a sufficient an- 
proxmui ion for a field pperiment. This correlation rnay not always 

at fm liim b".!i iong been known from field 'Ibservatioiis 

uia t rei tiiizem have « marked influence on the rate of growth of nlants 
dimng the early part of their vegetative developnieSi. £?ring 
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jiirious factors later in the season, the general appearanc/e of <‘rops 
(luring the early stages has been recognized by agronomists as affording 
a good basis for the prediction of yields. The impulse received at tlic 
hegdnning of vegetative growth is characteristic of the mineral nutri- 
tion during the whole course of development and the yield often 
confirms this fact. Hence, for comparative studies, more eonfidema* 
may be placed in the data for the rapidity of growth as an indi(*atiori 
of the response to treatment than in the final yields themselves. 

Table 2 .- — Development of tops and of tubers, from potato plants receiving Ike, 
standard and the incomplete fertilizer B 


{Fresh weights per plant] 


Treatment 

Tier 

No. 

Plot 

No. 

Portion 

July 

4 

July 

25 

1 

Aug. 

10 

Aug. 

24 





Grarm 

Grarm 

Grams 

Oram$ 


f T 


/Aerial 

59.9 

102. 5 

311.3 

311.3 




1 Tubers 

17.2 

61.3 

173.7 

m? 

N--- 




4? 0 

151 -3 

5 



1 ^ 

16 

{Tubers 

1L6 

"412 

m. 5 

275hl 




/Aerial 

111. 1 

425. 0 

402. 5 

:157. 5 

-I- 



(Tubers.- 

20.9 

175.0 

272. 5 

im. 3 

N 



/Aerial. - 

140. S 

.’KK). 0 

517.5 

ml 




(Tubers... 

25. 3 

170. 0 

330. 0 

». 0 




/Aerial 

iOH. 0 

360.0 

327.1 

smo 




iTubers. 

25. 1 

212. 5 

310.0 

4W.1I 






KO f) 

2?5 7 

407 1 

425JI 


4 

30 

\Tubers... 

17.4 

m‘ 9 

331.5 

Mil 



^ i 

/Aerial. 1 

1 Kf(.5 

325.0 1 

451.3 

m3 

NK-.. 

1 

i 

(Tubers... ..... 

1 23,4 

97.5 

2710 

481,2 



( A AT"ia 1 

5^1. 5 

35.10 i 

.501.3 

II 


4 

n 

(Tubers. 

1A4 

117.' 5 ? 

m7 

JW, 3 




/ Aerial- 

93. H 

;4>6.3 i 

m,H 

m. 3 


I 

f) 

(Tubers. 

21.7 

112.5 ! 

216.2 

457. 1 

iS r ^ 



/Aerial ... 

78.4 

307. 1 1 

2m 0 

ms 


4 

12 

(Tubers 

1H.0 

92. 9 

ItW.O 

352.5 




/Aerial 

60.8 

230,0 1 

28L3 

356. 3 

jr 

1 

4 

(Tubers ........... 

17.3 

74. 3 1 

2i;i 7 

481.2 





31. 1 

94 3 i 

165. 7 

170. 0 


4 

14 

(Tubers 

13,’ 0 

6.17 

14(U> 

2til.3 




/Aerial-... 

. 75, 5 

196.3 j 

.24fi3 

200. 0 

X'"> 

1 

6 

(Tubers...,, 

1H.5 ; 

H6>.2 

210. 0 

302. 5 

I. - ^ « * 



/Aerial-. 

ISLH 

157, 5 

153. K 

125. 0 


4 

15 

(Tubers 

17,8 

ms 

mr 

227. 5 


Table 3. — Relation between rate of growth and final yields from plants receiving 
the standard and the incomplete fertilizers 


I’l'catinent 


XPK,*. 


XIV 

K 

V. .. 


Tier 

No. 

Plot 

No. 

Weight ad- 
dition to 
aerial por- 
tions, i)er 
plant, 
between 
July 4 and 
July 25 

Class 

order 

f 1 

2 

Grams 

112.6 

J 

7 : 

1 ■ 4 

16 

109. 3 

s 

f i 

10 

313. 9 

1 

i 4 

! 8 i 

359. 2 

1 

f 1 

' B ] 

262. 0 

2 

\ 4 

m 

136. 7 

4 

I t 

7 

zm. 5 

3 

1 4 

14. 

I 301. 5 1 

2 


6-' 

i 212.5 1 

4 

1 4 

12 

; 2L''< 7 

:i 

/ f 

4 

169.2 ' 

5 

1 4 

14 

6.3. 2 

■'7 


$ 

120. S 

6 

i 4 

. . 15 

103.7 j 

a 


Final 
yield jmt 
pint 


r*nimds 

lift* 

m 

iwi 

im 

m 

m 

im 

m 

V2i 
liti 
l,W i 
7t> i 
IH i 


Clas^ 

ordt.T 
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ill this case, the coeffidmt of correlation between the final 
aii.l the gnjwtli ot the aerial iiarts between July 4 and Julv -4 J", ‘ 

“ +»-'*==t0.0e92, ,vhich 

, I he presentation of another magnitude— in this case growth r-ite _ 
m ad.lition to tliat represented by the final yields, is, ii-om an • ‘ro 
manK-al standpoint, logically superior to the practice of hlin, v- 
Hiereasmg t he number of observations of yields from whicli to calc £ 
the [irohahle error. 


C.lMeosiTlON OF LEAVES PROM PLANTS RECEIVING THE COMPIPTF 
FEltTlLIZKH AND THOSE WITH EITHER ONE OR TWO OF THE ELEMENTS Stod 


liie results of the analyses for N, P^Os, and K,0 on four sanmlincr 
dates, expressed as percentage of the dry weight of material, are gnen 
III table 4 and are represented graphically in figure 1. 

'I'ahi.k 4.— .Vi'/rofffw, phosphoric acid, and potash content on diiTerent ,1nu^ u 


Treilmefit 

! 

! Tier 
! 

1 ^'2 j 

^Tiiienil nutrient 

July 7 

July 29 

Aug. 9 

Aug. 24 



1 

! 

i 

Percent 

Percent 

Percent 

Percent 


:| 1 

b 2iP50^._. 


4. 42 

4. 15 

'3.64 

\ X 


, 





3,07' 

. 534 

2. 54 

,472 
2 . 01 

. 344 
1. 77 


4 

k ' 

U 

h 

1 PiOr. ......m, 

|.K 2 (,) 

fX 

-IFiCh 

. 424 
4. 43h 
4. OS 

4, 11 
. 502 

3. 139 

3 . 88 

3. <5 
.458 
2.635 
3. 62 

3.,' 40 
. 3ti2 
,2. 15,! 
3. 14 

XPK 



Ik^o 

ix...._ 

. <JiS4 

0 . rm 

. 509 

4. 337 

.482 
4. 697 

. 392 


1 4 

1 8 

KP 20 ,, 

iiKgo,... 

. 004 

4. 36 
.542 

3. 62 
.460 

3.23 

.398 




! 

0 . iX)7 
4 5.'J 

5. 129 

5.000 

4. mi 


I 1 

S 

'{P 2 O 3 .. 



3.08 

2 . 82 

FK„ 

1 . 


, 

ifX.. 

0. 759 
4. 45 
.636 
6 . 651 

K tn 

. 510 
5.321 

.496 
5. 348 

.430 

5.038 


1 ■■ 4 

10 

ijpjos 

jlKaO 

:ix 

3. 64 
.580 

5. 193 

3. 10 
.484 
5. 062 

2. 75 ■ 

, 370 

5. 300 

X'K... ' 

1 M 

1 b 

11 

4 P 2 O 5 .. 

■fKiOi..., 

ijho*...::::::::" 

iKtO 

0 , J.U 

.464 

6.628 

5.04 

.412 

(\ 70i\ 

4. 03 
.510 

5. 554 

4. 31 
.498 

3.78 

.452 

5.279 

3.78 

.420 

3. ,26 
. 352 

5, 457 

3. 36 
. 332 

' XF, 

1 ■: 

r» 

■IN 

ptOi.. 

IKiO ■ ■ 

u. rfifU 

5.14 
. 590 

5. 968 

3. 87 
. 532 

6. 269 

3. 71 

.',486' 

6. 434 
3.36 

. 394 ; 


1 ■ 4 ! 

, i 2 

'jpi. 

;IK |0 , 

! x,,.__ . 

A «ioi 

5.08 
.558 
4.632 : 

A i ! 1 1 

1. 519 
4.20 
. 526 

2. 635 

1. 186 
3.78 
' . 480 

2,170' 

1.085 

3. 37 
.412 
1.755 


1 

4 

rP»t ■ 

*T. Oi ; 
dOA 

3, 87 

3. 39 

2. 78 

'K';., j| 

! ■ 


^ iCiO..., 

» "T^i; 1 . 

6.318 

, 540 
. 5.217 

. 464" 

. 4 . 915 

.370. 

5. {RIO 


, 1 

14 

1 KtO..,, — 

'a. ill 

. 432 

6. 3 1 7 

3. 50 
.452 

3.20 
,432 ; 

2. 56 
.328 




1 X ■■ . 

i' fe?. 

5. 232 

5.496 1 

5. 242 

IX....,' ■ || 

i 

3 

|pso, - 

KiO. .. .■ -"b— 

4 . U( 

. 592 

9 1! 

3. 46 
.521' 

3.24 

.520 

2. 79 
. 4,50 


4 j 

i 

15, 

K 

,KtO. ■ 

*. •41 

4. 30 
.548 

5. 15 

1.'64' " 
3.38 
■ .512' 

. 3.488 

1.29 

3. 06 
. 514 
3.04 

l.il 

■' 2 . 3.4 

.444 

2. 35 


I’LKTE Ntandari^I'^htilizbb Keceiving the Com- 

Klemknts Omitted -'No Those tViTii Either One or Two op the 


ti-e-o* o( plants from plots 

paii:s“.:SgrotSe‘‘tS^tr„t« 
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Figtjee 1. “—Nitrogen, phosphoric acid, .and potash contents of the fourth leaf 
(dry foliage) ' of' potato plants at four i^riods of sampling (a) , and the weights of 
• rio-fna fh\ TiIrstR TOeeivinfi!: the 
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miifortn tliaii the soil of these experbionts, it has, as alreadv i 
been established that the foliar diagnoses of plants growin<>-‘on nl ,t • 
iveeivnig the same treatment, the yields of wliicii are 'Iis neaeN- 
iU(*ntieai as can b(‘ expected under field ca)nditi()ns, coincide * ' 
it! tlie present experiments the foliar diagnoses for nitroorn •,,ul 
phospliunc acid of plants on similarly treated plots are in 7 r(,, i 
concordsmt, wzthm a sufficient approximation for field exiienmems 
■as fompared with the diflerences existing between the foliar di-...-' 
nosis oi plants receiving different treatments). The divtuvences m* 
the graphs ha- potash m many duplicate plots, however, '"are verv 
great. I his is the result of differences in topography, the exnosm'c 

of t h..sub>iirhiceciav horizons being greaterin some plots than in Others 
I Ins was iiccompamed by great differences in the potash nutrition 
\F 'N'K’"K''0nd^^^^^ duplicate plots, especially in the XPK, 

oxamination of the results shows the following 

.\>friir/fri. In all plots of tiers 1 receiving nitrogen addition the 
content in terms of the dry weight of the leaf is .o.OO percent (4 7i 
-'V' i'l*” 7, the first sampling date, and in all nlot<! 

b ‘I'i .l j'l "‘’0 I'ltrogen fertilizer applications it is 4.01 (4.45 

in tiei 4) 01 less. An increase m the content of X is reflected in all 
successue .samplings in the leaves of plants which received nitron n 

"7 !,rs 5“ "“"’s-’''" "-‘H' '>«■ 


If n, ^ T « ‘"’^peiphospluite IS 0.584 percent (0.548 in tier 4) 

n more on Jn v' > ‘tc 


rif 


— I'v .lo w.oo't percent in tier 4) 

oi mote on July /, as compared with 0.404 percent (0.424 in tiw 4 
or less on plots not receiving this fertilizer. ^ 

I hi* characteristic of the phosphoric acid graphs in all tiers is the 

lot «r‘M ‘r i' (second sampling date) on all 

)lot> which did not receive phosphate applications. This maxiimm 

Is not iiri'sent in the leaves of any jilot which received nhosnieite 
additions; it appears to be a temperature effect and mav he masked 
in pip s which received phosphate aihlitions because ^ i ore mni 
assimilation. The n troe-po o.;.. 


assinnlation. . The nitrogel, gn/phs confinn to view,?m- vdien^^'r t.h‘ere 
,;i , ; ' ■*? •!■? ?'»•? receive, 


wl i' / ’ with 3.0/ percent (5.1.5 in tier 4) or Jess in plots 

uhich received no potash fertilizer. The.se relationships -n-o nedn 

iai'ir V irZ ' am. Tlie potashdi‘reases regu- 

or nliosr .mil .Im • ^ ^ that when insufficient nitrogen 

Ihe later St!, Jesb g,S during 

reillte,! oUnmm («) 

Ltfhreriiiio/t^aiiVr^^^^ 
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Tlie omission of nitrogen from the complete fertilizer is accoinpaniec! 
by a retardation in the development of the aerial parts in botli tiers .1 
aiul. 4. 

(2) The omission of phosphorus from^the standard complete ferti- 
lizer (S) is accompanied (compare NPK and NE) by an increase in 
the liitrogen and potassium content, but, as the slopes of the gra[)hs 
indicate, with smaller utilization of both elements. 

(3) The omission of potassium from the complete fertilizer fSj 
is accompanied (compare NPK with NP) by a slight increase in the 
nitrogen and phosphorus content of the leaf throughout tiie period. 
Associated with this is a generally slower development of the aerial 
parts and decrease in yeild of tubers. The omission of potassium 
has resulted in a much lower content of potassium in plot I f) than 
in its duplicate, 4-12, resulting in much lower yields. 

Reasons pokJCompaeing the Foliab Diagnosis ob"' Plants on^Each Plot. With 
That of Plants on the N Plot 

When the experimental plots were laid out in 1910 each tier con- 
tained five iinfertilized check plots, viz, plot 1 and each fourtli plot 
following it. In 1923, however, and in succeeding years until 1932, 
the check plots were fertilized uniformly with 2.67 pounds of sodium 
nitrate and 6.25 pounds of 16 percent superphosphate. A com- 
parison of the yields for the two periods 1918-20 and 1921-22 (S) 
shows that the N plots, which were superior at first (1918-20) to the 
cheek plots, later became inferior to them (1921-22). Tlie foliar 
diagnosis of the plants on the N plots supplies the ex])lanatiou. The 
|)rogressive addition of nitrogen has thrown tlie relationships of N, 
KOs, and K2O out of balance, by reducing the absorption of V and K. 

In the following analysis of data of tier 1, therefore, all of the phds 
from No. 3 to No. 10 will be compared with plot No. 2 of this tier, viz, 
the N plot, since this is the lowest yielding plot. Before doing so,^ the 
N plot (1-2) will be discussed in detail to illustrate tlie characteristic 
properties of the graphs (foliar diagnosis). It will be shown that the 
differences in foliar diagnosis between the differentially treatcal plots 
correspond to important differences in the mode of vegetative growth 
and of the development of tubers. 

FoLrA.R .Diagnosis of Pla,nts on the N. Plot as..Illijst.rative of the Method 

OF Interpretation 

The graphs for the N plot represent the foliar diagnosis, as deffmal 
(p. 397), for N , P2O5, and K20pf the Rural Russet variety for the year 
1935. The foliar diagnosis represents an analytical characteristic* 
of the chemism or chemical state of the plants on the N plot (No. 2) 
of tier 1 at the moment of sampling the leaves. This cliemical con- 
dition is based on the dry matter of the leaf without taking into 
consideration the weight of the dry material at each sampling or tlie 
number of leaves sampled from each plant. 

It is now clear from the definitions that no physiologicad signifi<*arice 
\vhatever can be attributed to the graphs of the N j)Iot wlien <*on- 
sidered alone, but only in its relation to other ])lots, llcn(*e, the 
graphs considered independently of all other field data and all otluu* 
foliar diagnoses have no pliysiological or agronomical signilicanctu 
^ Certain inferences, however, may be drawn from the graphs of tlie 
\ iff At rw-o"! For cxamole. the foliar diagnosis of the plants on tliis 
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sliinvs the lowest phosphoric acid content and the poorest assiuiila- 
tidU of this eleiuent of any of the plots, and is aceoinpanie<l hy slow 
dt'velopiuent of the plants; snaall, wrinkled, dark-green leaves; and 
iov\ viehl. Furthermore, these characteristics are reproduced in the 
duplicate X plot (4-16). 

COMCAUISON OF THK GRAPHS OP THE DIFFERENTLY TREATED PLOTS WITH THE 
CONTROL (N-TREATED) PLOT 5 


The following comparisons of foliar diagnoses and plant develop- 
ment in ditfereiit treatments with that in X are based on grajihs shown 
in tignre 1 and on data presented in tables 2 and 4. The foliar diag- 
noses of plants on the plots in tier 1 are in general, and with a suiricient 
approximation for field e.xperiments, reproduced in the respective 
duplicate plot in tier 4. vSuch divergences as exist are the result of 
soil heterogeneity. The same conunents refer also to the foliar 
diagnosis of the plants of the plots in tier 2 as compared with their 
diipliitates in tier 5. 


OF T'HE NPK PLOT (1™10) WlTH THE K PjLOT (1“2) 

Nitrogen of NPK is lower than that of N tliroiighout the period. 
The relative steepness of the slopes of the graphs (relative decrease 
witli tiniej is greater in NPK during the early period (a decline of 1.10 
pereeat fur N ITv as compared with 0.70 percent for N), indicating a 
greater eva(‘uatiou of nitrogen from the leaves of plants growing on the 
(‘oiiiplele fertilizer plot as compared with those on the plot receiving 
nitrogen alone. This relative excess of export over import is an indica- 
tifui of greater flemand by the plant. 

Tlie pliospiioiic acid graphs have neither the same position nor the 
same form. Tlie graph of NPK is much liigher than that of N on 
July 7 — 0.58 percent for NPK, as compared with 0.40 percent for 
N -and. whereas phosphoric acid continues to decline with time in 
NPK throughout the period, a maximum is shown on July 29 in N. 
Referemre has already been made to tliis maximum in the plots which 
did not receive phosphate additions. The decrease from July 7 to 
August 24 in N is only 0.06 percent, as compared with 0.19 percent 
in NPK. 

The potash graphs also are veiy unlike in form and position in these 
plots. Potash is much higher in the leaves of plants gromiig on the 
coniplete fertilizer plot throughout the whole period (the range is from 
ti.59 to 4.35 percent for NPK and from 3.97 to 1.77 percent' for N). 
In hotli plots the slope is very steep during the first period, hut in 
XPK a reversal of direction takes place, resulting in a maximum on 
August 9 — an indication that the leaves of the plants growing on the 
XFK plot have received more potash than has been assimilated by the 
phiiit during the second period. 

Related to these differences is a much more rapid and luxuriant 
clevelopment of the aerial parte in NPK, in which complete develop- 
ment of the tops has occurred by the end of July. The yield of tubers 
of NPK is 40 percent greater than in N. These differences are quali- 
tat lively reproduced in tier 4. ■■ ■ 


^ I or t fie S’ifet of hrevily in the dfectiBloa tlist foHows, the plot-treatment symbol is used to refer to leaves 
frr^ii growifif on tlw plot that -tb® treatment mdieated by the symbol. 
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(^IMFAEISON OF THE PK PlOT (1~8) WiTH THE N PlOT (1-2) 

The nitrogen in the leaves of PK is much lower throughout thv 
period tliau in N. The range is from 4.55 to 2.82 percent for PK and 
from 5.12 to 3.64 percent for N. The form of the nitrogen graplis of 
tiiese two plots also is unlike. 

It may be noted here that the nitrogen graph of PK is tlie lowest of 
all on July 7 and the range corresponds closely with that of Iv and P. 

Fiiosplioric acid in PK is Kgher throughout the period and its 
uraph is similar in form to that of phosphoric acid in NPK. Xo 
maximum occurs in PK on July 29 as it does in N. 

l^jtasii is very much higher in PK than in N. Tlie range is from 
r>.7G to 5.04 percent for PK and from 3.97 to 1.77 percent for N. At 
the first sampling the relative values are as wide apart as 6.76 percent 
and 3.97 percent. The slope of the graph of PK begins to decrease 
during the second and third periods, showing that evacuation from the 
leaf is less rapid than in N. 

Kelated to these different foliar diagnoses is a more rapid develop- 
iiient of the aerial portion of PK as compared with that of N, especially 
during the early period. The relative weights of tops per plant in PK 
and in N on July 25 are 360 g and 162.5 g, respectively. On August 24 
the relative yields per plant are 486 g and 274 g, respectively. 

It is of interest to note that up to August 24 the yield of tubers per 
]>lant for PK exceeds that of NPK,this superiority does not continue 
as the final yields from NPK are much greater than those from PK. 

These differences are qualitatively reproduced in tier 4. 

COMPABISON OF THE NK PlOT (1“7) WiTH THE N PlOT (1- 2) 

Nitrogen is somewhat lower and the slope is steeper in NK during tlie 
period July 7 to August 24. The range is from 5.10 to 3.26 percent 
for NK and from 5.12 to 3.64 percent for N. 

The phosphoric acid graphs resemble one another in fomi, but the 
graph of NK is higher at the first and last sampling dates than that of 

N. The range is from 0.464 to 0.352 percent for the former and from 

O. 404 to 0.344 percent for the latter. The maximuni already spoken 
of on July 29 appears in both, although it is higher in N. 

Potash is very much higher in NK. The relative ranges are from 
r>.63 to 5.46 percent for NK and from 3.97 to 1.77 percent for N. ^ The 
form of the graphs also is very different. Thus, the graph of NK does 
not descend regularly with time. After the second period the graph 
of NK reverses direction, indicating that the leaves are receiving more 
potasli than is being assimilated by the plant. 

Related to these differences in the foliar diagnosis, the dtn’eloprnent 
of the aerial parts and the yield of tubers are much greater in NK tluin 
in N. The relative weights per plant of the aerial parts on July 4 are 
<85.5 g for NK and 59.9 g for N, and on August 24, 386.3 g and 31 1.3 g, 
respectively. The yield of tubers on August 24 is 481.2 g for N K ami 
273.7 g for N. 

Comparison .of the NP-Flot' (l-G)- With the N Phot (1-2) 

Except for an insignificant difference at the first sampling date, 
nitrogen is lower in NP than in N. The range is from 5.14 to 3.36 
percent for NP and from 5.12 to 3.64 percent for N. The relatively 
greater slope of the graph of NP, especially during the period from 
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July 7 in July 2*J, iiulicates greiitor iitilizatiuii of X aiu! at a liiM-h 
levoL 

Pliosphoii* aeid is nearly oO percent greater at tlie first s*ani|>liii»‘ 
date in XP than in X.- The range is fronyO.")!) tn 0.40 penauii hir 
XP Hiul only from 0.40 to 0.34j')ercent for N. A luaxiinnni (1 <h*s n«,i 
orriir on Jtih’ 20 in X"P as in N. 

PiOa'^li i- inucli lo\v(U*in XF. The range is from 2.7)3 to l.tts \ivvrvi\i 
for .XI^ and from 3.07 to 1.77 percent for .NX The addition of phos- 
|)hat(\ tlum, has resulted in a decreased absorption of ]K)tassiu!n. 

Tfie differences shown in the foliar diagnosis Jiave resulttal in im- 
|)rove<l ch‘ve!opment of the aerial parts and of tubers of XJ^ over those 
of X. On July 24 the relative weights of tops per plant are 3()t> g for 
.X P as ror!i|)ared witii 102 g for X ; and of tubers on August 24, 445 g, 
as eomf)are<l with 273 g. The development and yield of the plants 
growing on plot 1-0, however, are below those of XPK (1-10, 4-8), 
X K i I '7, 4-1 1 ), atui PK (1-8, 4-10). 


(’OMPARISOX OF TIIF. K F 1 .OT (1.-4) WiTH THE N P,LOT (1™2) 

Xiirogeti is low(u* tlirougliout the season in K than in N. The range 
is from 4.01 to 2.78 p{U*<*ent for K and frorn 5.12 to 3.64 per(*ent for X, 
and th(‘ slop(^ is gnaiter in K than in N. There is, therefore, more 
deiuaiu! on th(‘ nitrogcm of plants growing on the K plot, which is 
reJattal to a low level of supply of this element. 

Phosphoric acid is scunewhat higher in K than in X, although the 
graplis of both plots are sitnilar in form. The ranges are from 0.424 
to 0.370 fH‘r<*eiit and 0.404 to 0.344 percent in Iv and X", respectively. 
Botii have a ituiximum at tlie second sampling date on July 29. Tlu‘ 
grufihs nearly coincide after the second period. 

PcUasli is very mucli higher in K than in X. The ratigc is from 0.32 
to 5.00 percent in K and frorn 3.97 to 1.77 percent in X. The a cent 
of tlic graph of K daring the third period (July 29-August 9) indicates 
an ac(‘umuIation at potassium. This plienomenon was noted also in 
XK (in XPK accumulation occurs during the second period). 

Related to tiiese differences in the foliar diagnosis is a superior 
development of the plants growing on the K plot. The relative 
weights of tops per plant on July 24 are 230 g for K and 102 g for X, 
and of tul)ers on August 24, 481 g and 274 g, respectively. 

Although the development of tlie aeritd parts of the plants growing 
on the K [)lot is, as in the X plot, relatively slow at first, tliere is no 
decrease in the weight of tops as the plant ages as is the ease in XPK, 
PK. XK, XP, and P. The weight of the tubers of PK increases 
rapidly after July^ 29. On August 10 the weight of tubers surpasses 
even that of XPK, but the superiority does not continue. 

C'cMPAIilSOX OF THE F FlOT (1-3). \\^ITH THE N . PlOT (1“2) 

Xitrogen is much lower throughout the whole period in ¥ than in X. 
The range isjrom 4.57 to 2.79 percent for P and from 5.12 to 3.04 
fa»r<amt for X. The forms of the graphs are similar except that the 
grihiient is steeper in P from July 7 to July 29. Tiie nitrogen grapli 
of cH)in<‘ides very nearly with that of K and with PK. 

PliiKphorie acid is higher (except on July 29) throughout the period 
in l\ The ranges are from 0.59 to 0.45 piu’cent and from 0.40 to 0.34 
percent hir P and N, respcctivelv. There is no maximum on July 29 
in P. 
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Fotasli is lower throughout the whole period in P than in N. The 
raim'e is from 2.41 to 1.11 percent for P and from 3.97 to 1.77 percent 
forX. 

Related to these differences in the foliar diagnosis is a slightly im- 
proved growth of tops of plants growing on the P plots during the 
t‘arly period, after which both nitrogen and potassium become limit- 
in<r factors. On July 29 the relative weights of the aerial parts per 
plant are 196 g for P and 162 g for N, and the yields of tubers on 
August 24 are 302 g and 273 g for P and N, respectively. The P 
plot shows the poorest development of tops of any of the plots after 
July 29, but the yield of tubers, as already indicated, is higher than 
in the N plot. 

RKLATiON OF DEVELOPMENT TO FOLIAR DIAGNOSIS OF PLANTS RECEIVING DIF- 
FERENT PROPORTIONS OF N, P2O4, AND K2O IN COMPLETE FERTILIEERS AND THOSE 
RECEIVING THE STANDARD APPLICATION 

The development of plants and the composition of the fourth leaf 
at the different sampling dates in plots receiving different propor- 
tions of N, P 2 O 5 , and K 2 O in complete fertilizers arc shown in tables 
5 and 6 , and in figure 2 . 

Table 5. — Development of tops and of tubers from potato plants receiving different 
proportions of nitrogen, phosphoric acid, and potash in complete fertilizers 


[Fresh weights per plant] 


1' reatniei.it 

Tier 

No. 

Plot 

No. 

Portion 

July 4 

J uly 25 

August 10 

August 24 


( 

14 

f Aerial. . ... 

Orams 

87.9 

GraniH 
207. 5 

. 

Grum}( 

311.3 

G'nrim.v 
372. 5 

0.5(NP.K)..„. 

- 

ITubers 

19. fi 

110.0 

250. 2 

487. 5' 

*1 



89. 4 
21. i) 

345 0 

29fi. 3 
290. 0 

311.3 
402, 5 



4 

\Tubers 

lf)0. 0 



16 


200,3 

872. 5 

945. 0 

492. 5 

2{NP,K}. 

tTubers 

24.5 

20.5. 0 

492. 5 
51,5 0 

OU.O 




120. 6 
22.4 

407, 5 
132.5 

540. 0 
4.50. 0 


1 

2 

1 Til hers 

28 1! 3 


A 


fAeriaL--. 

183.3 

543. S 

mri 0 

04,8. 8 

■(15 N),PK... 

4 

1 Tubers.. .... 

j ^ erfal 

29. 2 
114.4 
23. 5 

157. 5 
* 341.3 

3.5.5. 0 
407. .5 , 
212. 5 

583. 7 
375. 0 


1 

14 

ITul^rs.. - 

113.7 : 

3SI. 3 


1 ^ 


/Aerial 

119. 6 

3S7. 5 

1 448. H 1 

5412. 9 

NC.5 p)e:: 

8 

/Tubers .. . 

21.8 

16,3.8 

392. 5 i 

‘ 494. 2 


10 

/Aerial - . ... 

140. 8 

520.0 , 

517. 5 ■ 

5,32. .5 


I 5 

i Tubers. ... . 

25. 3 

190.0 i 

330.0 ; 

505, 0 


f 

12 

/Aerial ^ 

124. 9 

425.7 

457.5 

582. 5 

kpc.s'e:),.,-.-- ■■ 

2 

4 Tubers 

19. 7 

137. 2 

392. 5 

621. 3 

V 


I" ^ Af 

103.0 

348.8 

370.0 ■ 



1 

6 

/Tubers 

20.0 

17a 2 

256,3 1 




15 

/Aerial - 

251.9 

440.3 1 

,501.3 ! 

* 092.5 

.Manure ... 

i 

1 ^ 

/Tul:>ers... 

31. I 

152.5 ! 

308, 7 , 

753. 8 

1 1 

2 

■/Aerial.. .....: 

(Tubers . . 

125.4 
' 22. I 

545.0 ■ 
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CoMPAItlSON OF THE 0.5 (NPK) PlDT (2“14) WiTH THE N PK PloT f! 10) 

Nitrogen is lower throughout the period in 0.5 (NPK) than in 
NFK. The range is from 4.84 to 2,84 percent for 0,5 (XFK) ami 
from 4.98 to 3.14 percent for NPK. 

Fhosphoric acid also is lower in 0.5 (NPK) except at. the second an<l 
the last periods. The range is from 0.52 to 0.42 per(*ent for 0.5 (NFK) 
and from 0.58 to 0.39 percent for NPK. 
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'r\BLK ii.—Xiiragen, pMi^phoric acid, and poia.<ik conirnt on differuil f/riXx m /!,, 
fmirth ieaf of potato plants receiving different proportions of these 
‘complete kdilizerB, expressed ■ on a drg-weaiher basis 
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'Potash is lower except in the second period in 0.5 (NPK). The 
range is from fhll to 3.92 percent for 0.5 (NP'K) and from G.59 to 4.35 
percent for NPK. Tlie forms of the graphs are diflerent. No ac- 
cumulation of potassium occurs after tlie second period in 0.5 fNPK) 
asiiiNI^K. ^ •, ^ 

Corresponding to these differences in the foliar diagnosis is a miieli 
slower development of the aerial parts of 0.5 (NPK) during the early 
part of the season. The yield of . tubers of 0.5 (NPK) is S percent 
below that of NPK. 

CoMPABisox OF THE 2 (KP.K) Plot (2-16) With the NPK Plot (I-IO) 

Nitrogen is higher throughout in 2 (NPK). The range is from 
r).23_^to Jh30 percent for 2 (NPK) and from 4.98 to 3.14 percent for 
NPK. Tlie forms of the graphs have the same characteristics in both 
plots. ^ ^ . 

Phosphoric acid also is higher in 2 (NPK) except during the last 
period of growth. The range is from 0.68 to 0.35 percent for 2 (NPK) 
and from 0.58 to 0.39 percent for NPK. The relative steepness of the 
slope of the 2 (NPK) graph shows that greater evacuation of phos- 
phorus Inis taken place^ indicating better assimilation and at a liigh 
level 

Potash is very much Ijigher throughout the wliole period in 2 (NPK). 
The range is from 8J7 to 6.45 percent for 2 (NPK) and from 6.59 to 
4 J4 percent for NPK. 
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Ficjcre 2."~iSiiirogen, phosphoric acM, and potash content of tiw fourth leaf (dry 
foliage) of potato plants at four ..periods of sampling (a)^ and the weights of 
aerial parts and of tubers at eorr^ponding dates (b) from plots receiving differ- 
ent proportions of these minerala la 'complete fertilizers: ri. Tiers 1 and 2; Bg 
fiera4aBd 5. 
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T1h‘ iiotarih coiitont of the leaves of 2 (XPK) is hidier than lli.n r 
leaves froni any other plot. But it caniiot at the 'presetit staot i"‘ 
(ieteniiiuetl whether this high potassium content in the leaVe< f 
plants fntin piot 2-l(i has resulted in any injury to (leveloorna.n HI 
yield, it i.s possd)le that the rapid loss of weiirht of tojis referred lo 
m the ni‘xt paragraph is due to this cause. The fact that this 1„ 
does not occur in .1 2 where the potassium content is lower lends c,,^ 
lirination to tins view. But what would he the limit of potassinin 
absorption above winch injury would be shown and where the hound 
ary oi eessatioii of buffer action lies are not disclosed bv this experiment’ 

.Uter July 2!i Ix.th graphs reverse direction, but whereas that of 
(M K) continues its ascent that of XPK declines. It is si^milic-ini 
that this accumulation of potassium occurs among the relatively hi.rl,’ 
yielding plots only. • 

Related to these differences in the foliar diagnosis is a very luxnri-oo 
growth of toils 111 2 (XPK), followed by a rapid loss in whdit after 
.Viigiist 1(1. riie yiehl of tubers has been increased 28 perceiit. 


Covno.nixi.x OK TiiK PK Plot (2-4) With the XPK Plot (1-10) 


_ Xitrogen is a little higher in (1.5N) PK than in XPK. The r-ni«-e 
IS rom .. 28 to 8.1(1 for the fonner and 4.98 to 3.14 ])ercent for tfie 
latter. 1 lie lorins id the graphs, however, are much alike 

1 hosphonc acid is slightly higher in (1..5X) PK. The rarn.'e is 

A * ^ i iH‘ forms of the graphs are somewhat similar 

, , . first two periods in 

R J f i" I '“tl graphs are quite different. 

Related to these diflerences in the foliar diagnosis, the vegetative 
giouth of plants on the fLoN) PK plot far surpasses that of plants 
on the X 1 K plot througliout tlie period, and the weights of tubers of 
the former on August 24 are greater than tliose of the latter 


t’o-MP.vKiso.x OF the X (1..5P) K Plot (2-8) With the XPK Plot (1-10) 


.Xitrogen IS slightly lower throughout the period in X (1 ,5P) K 
he range ^ from 4.84 to 2.86 percent for this plot and from 4.98 to 
•1. 14 percent for X IK. I he forms of the graphs, however, are similar 
I hosphonc acid is very much higher in X (1..5P) K during the first 
t\\(. periods, after which greater utilization in X (1..5P) K causes the 
graft to decend below that of XPK. The range is from 0.71 tcVo .37 
peicent for this treatment and from 0..7S to 0.39 percent for XPK 
I he relative steepness of the slope of X (l.,7P) K indicates a better 
utihzation of phosphorus than in XPK. ' 

i IWmtil- c- til® P®™‘f in X (i-5P) K. The range 

X P f Tb',. t^in ' ^ PPrcent for 

R J.,n. ! I n ‘r/r similar, however. 

I 2* fn these differences in the foliar diagnosis is the fact that 

ii ent'Irr 'fill'’? ^ vegetative growth and devclop- 

I;, ¥® nearly identical in N fl..5P) K and XPK veo-eta- 

tne growth ciuitiniies in the plants growing on the former plot’whereas 
e loss ol weight is shown m those on the Tatter. The vieh o beS 


' Ull lilt* iUlier. 

IS 8 percent greater m N (l.,7P) K than in XPK 
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(’uMpAiiisox OF THE NP(1.5K) Plot (2~12) With the XPK Plot il-H); 

Xitrogoii is h little lower dming the first and fourth periotis in 
XJM.olv), ranging from 4.86 to 2.82 percent, as compared with 4.08 
to ;hl4 percimt for NPK, but the forms of the graphs are siniiiar, 

Tlie plios]>horic acid graphs almost coincide; they rang(3 from 11.50 
to 0.40 percent and from 0.58 to 0.39 percent for NP(l,5K'i and Xl^K, 
nspciOively. 

Potash is v(UT mucli higher in NP(1.5K) without, liowover, reacliing 
tiu^ level attained in 2(NPIv). The ranges are from 7.80 to 6,00 
ptu'cent for XP(1.5Iv) and from 6.59 to 4.35 percent for XFK. The 
forttis of the graphs also are different. lX)tash aianimulates in 
X!Xl.51v) after the second period. 

Related to these differences is superior development of the aerial 
parts and tubers in NP(1.5K). 

Po.MPARisox OF THE Manhre Plot (1~15) With THE NPK Plot (I ~10) 

Xitrogen is lower on the manure plot at the first sampling date and 
higher at the last date than in NPK; the ranges are from 4.65 to 3.28 
percent and from 4.98 to 3.14 percent, respectively. 

Idiosphoric acid is much higher throughout the period in tlie leaves 
from the manure plot; the ranges are from 0.69 to 0.45 percent ami 
from 0.58 to 0.39 percent for manure and NPK, respectively. 

Potash is higher at each date of sampling in tlie manure plot. The 
range is from 7.55 to 5,66 percent for mamire and from 6.59 to 4.35 
percent for NPK. Potash accumulation occurs during the last period 
f August 24) in the manure plot. 

Related to these differences is a much greater development of the 
plants on the mamire plots which is iioticeahh^. even on July 7 and 
wliicli, with the exception of the second period, continues throughout 
the period. The yields of tubers per plant are 754 g in the manure 
})lot and 466 g in NPK on August 24, 

NOTE ON THB DEVELOPMENT OP THE PLANTS 

The development graphs of all plots are regularly progressive and 
show no indi(*a,tions of any interfering accidental factors outside of 
those studied. Plants on duplicate plots have not always developed 
in like manner. Between some of the duplicates there are marked 
differences in both aerial parts and tubers, suggesting the inlluencc of 
soil on the action of fertilizers. 

SUMMARY 

Foliar diagnosis is defined as the composition, with respe(‘t to the 
dominant elements, of a leaf from a definite position (physioIogi<*al 
age) on the stem at the moment of sampling. The foliar diagnosis 
of any particular s])ecies during a given season’s growtli cycle will 
(‘onsist, therefore, in a sequence of chemical states in the sriected leaf 
as determined by periodic analysis, Tlie eoniposition with respeid 
to nitrogen, pliosphoric acid, and potash is based on the dry material 
of the leaf without taking into consideration either the weight or the 
mirnher of leaves sampled. 

The nitrogen, phosphorus, and potassium content of Itaives of the 
same physiologuail age, sampled periodically, from potato plants 
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grown on plote receiving different fertilizer treatments with . 
to nitrogen, phosphoric acid, and potash have been studied SrelS 
to the nature of these treatments and to the develmfmeM of ^ 
pimts. The characteristics are fully described. of the 

_ Tlie addition of each of the dominant nutrient elements to tliA 
mcreased the content of the element in the leaves samnlpd no 

Pf appHcations“f the’eWm 

whether the element was annlied alone or in eomKir^l+i^ >^ne element, 

both of the other elements ^^Szftfon of anv^^^^ 

profoundly initaenced by the prosmc”fo Z rf^E Z 

trients, as illustrated by accumulation of potash in leaves from nwl 

^^Th^onf^^^t^f insufficient nitrogen or phosphorus 

The content of mtrogen in the leaves is not related to tKKw 

rnent of the plants; low phosphorus content and low utilization of +li?o 

elenaent are, however, associated with unsatisfactory develonme^f 
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OBSERVATIONS ON MUSKRAT DAMAGE TO CORN AND 
OTHER CROPS IN CENTRAL lOWAV 

By Pattl L. Eeringtok 

Research assista7it professor, Iowa Agricultural Experiment Station 

INTRODUCTION 

Despite tlie value of tlie muskrat (Ondatra zihetliica) as a f ur bearer, 
popular sentiment regarding the species is not always favorable. 
Many people believe that it causes economic losses because of its 
feeding or digging proclivities. In central lowa,^ one of the chief 
sources of complaint against the muskrat is its occasionally destructive 
foraging in cultivated fields. Damage to farm crops by wild animals 
is likely to be overestimated, however, when it becomes conspicuous . 
It is hoped, therefore, that the present paper, which is based upon a 
study of muskrat food habits in intensively cultivated land, may help 
to a clearer evaluation of at least some types of local situations. 

METHODS OF INVESTIGATION 

Basic data on the food habits of muskrats were obtained from the 
summer of 1934 to the winter of 1937-38, largely through field obser- 
vations along watercourses within a radius of 20 miles from Ames, 
Iowa, or from Story County and the neighboring counties of Hamilton, 
Boone, Dallas, and Polk ; supplementary observations were also made 
in Wapello and Jefferson- Counties in the southeastern part of Iowa 
and in Clay and Palo Alto Counties in the northwestern part. 

Representative muskrat habitats ^ were chosen for study. These 
varied in nature from brooks and small drainage ditches to marshlands 
and the fairly large Des Moines River. Stream habitats under ordi- 
narily intensive observation were visited at intervals sufficient to 
detect evident feeding trends, influence of seasonal changes in vege- 
tation and water levels, and the comparative role of availability of food 
and individual preference in determining the feeding routine of musk- 
rats. When events of exceptional interest or significance were found 
to be taking place, specific habitats were visited daily or several times 
a week for necessary periods; otherwise, habitats were seldom visited 
more than once a week. Pressure of work elsewhere or conditions un- 
favorable for field study sometimes necessitated temporary neglect of 
important habitats, but, on the whole, the same local areas were kept 
under observation during the 4 years of the investigation. 

The general procedure was to take notes on vegetation cut or eaten 
by muskrats on stream banks, on the food debris piled on or scattered 
around feeding places in or near the water, and on the material carried 
to burrows which were sometimes exposed by receding water or caving 

1 Received for publication March 18, 1938; issued S^tember 1938. Journal Paper No. J-532 of the Iowa 
Agricultural Experiment Station; project No. 498. The work herein recorded was conducted by Iowa 
State College in cooperation with the Bureau of Biological Survey, U. S. Department of Agriculture, the 
American Wildlife Institute, and the Iowa Conservation Commission. 

2 Errington, Paul L. habitat requirements of stream-dwelling muskrats. North Amer. 
Wildlife Gonf. Trans. 2:411-416. 1937. 
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giouiid SO tliat one could look inside witli the aid of a flaslilio-io 
mile this ex post facto “reading of sign” doubtless was accZpSd 
by_ a certain amount of overlooking if not misinterpretation of fiphl 
evidence, the accuracy of the method was checked whenever nossiWo 
by other means. Occasionally, the examination of muskrat feces nr 
stoniach contents provided information of value, but most useful nf 
all m clanlymg dubious interpretations of “sign” was direct observi- 
tion of the muskrats themselves. 

Many times, muskrats were watched from distances of 15 to 40 feet 
when feeding or obtaining food. Details of procedure in selectiiio' 
cutting digging, carrying, and eating of food items were recorded in 
held notes, and the sites of activity were often carefully scrutinized 
On exposed feeding grounds still in use during the months of cold 
weather, snow trails of individual muskrats were followed and studied. 

FORAGING TENDENCIES OF THE MUSKRAT 

Muskrats, being animals of semiaquatic habitats, typicallv cut or 
feed upon aquatic or weedy vegetation growing in the vicinity of their 
retreats, but they may at times forage on higher ground some distance 

Considerable feeding may occur in pasture growths of bluesrass 
bf u’’ .toothy, sweetclover, and alfalfa hayfields, and 

in fields of small gram, but even when muskrat trails to such places 
^low regular traffic it is often hard to find much evidence of damage 
Ordinarily the animals forage lightly over an area of several hundred 

of fitn be found near the edges 

of fields where muskrats have cut away entire stands of medium weight 
vegetation from irregular areas ranging in size from less than a squire 
foot to perhaps 15 or 20 square feet. Muskrats have also been known 
to make inroads on garden vegetables, but damage to farm crops in 
dlmairtrcOTu this paper deals seems virtually synonymous with 

to corn may too, be negligible or it may be locally severe. 
Much depends upon the accessibility of the cornfields to resident 

lik? to^ieaTO*^ the r f ^ ® animals develop. Muskrats do not 

UKe to leave the relative safety of water very far behind and this 

automatically limits their zone of heaviest potential damage to the 
nearest com rows. Once a muskrat learns to utilize com plants or 
^ ®*bers currently available* and 

SntS “r* “■ During X 

mu" krX k"' "‘Porte'i ‘o have killed several 

muskrats that had been traveling a distance of over 200 vards from a 

Swific°dLtiMtio^4h''^^ journeys are made to a 

ulS troik establish crooked but well- 

rheless'^^’®"’ low-hanmng Ss, bmTpIles^S sSr^l^^^^^^^ 

reclLlbrgZrXitrSmmufkSi."' “> 

SEASONAL CHANGES IN HABITS OP CORNFIELD-PEEDING 

MUSKRATS 

ratiie^cWhATfi commonly confined 

snowdrifts ' WitlM^ n^^ ice shelves, and 

snoiutmts. With the passmg of cold weather, early spring visits to 
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cornfields may be made either accidentally by wandering or venture- 
some individuals or seemingly with purposeful intent on the part of 
individuals that presumably have been there before. Ear corn may 
be found on the ground in some quantity— even after a field has been 
pastured and trampled by livestock— but less nutritious corn debris, 
incloding dry stalks, leaves, and husks, may also be carried to spring 
feeding places and eaten. 

During the next few weeks, the natural plant growth near the 
water furnishes more convenient and attractive food, and there may 
be no sign of renewed activity in the cornfields until about the first 
week of July or later.^ By this time, the corn plants in central Iowa 
may be 3 or 4 feet high, and seem considerably more succulent and 
palatable than much of the natural vegetation available to the musk- 
rats. The stalks are usually cut between 3 and 12 inches from the 
ground and, in places thought to be visited by lone muskrats, the 
rate of cutting has been only one or two per day. The whole upper 
part of the cut plant may be carried to a regular feeding place at the 
water’s edge, or much feeding may be done in the cornfield at the site 
of cuttings. The canes seem especially relished by the muskrats 
and the upper leaves least so. 

The corn plants that are about 6 feet high by the middle of eJuly 
are cut in limited amounts, and haphazard or desultory gnawing may 
weaken a number of others and eventually cause them to fall. Tlie 
interest of the muskrats in vegetative portions of corn plants some- 
times diminishes in late July, and prior to the roas ting-ear stage there 
may be scant evidence of current activity in the cornfields. 

Roasting ears in the second half of August, however, may constitute 
a major attraction. While many muskrats take ears from leaning 
or fallen stalks or reach up as liigh as 15 inches for them, there may 
be wholesale cutting of stalks for ears by other individuals or groups 
of individuals. Commonly, the ears are cut loose at the base and 
carried away, though an occasional ear may be eaten from below as 
it hangs from its stalk. Aside from ears dropped in trails and in the 
water in front of the entrances of the burrows, there may be little 
external sign of most of the ears taken; but caved-in sections of bur- 
rows and similar retreats may reveal ears and mixed corn debris, so 
it is probable that the bulk of the material goes underground for safer 
consumption if not for actual storage. Ears found about muskrat 
retreats at this season, whether in plain sight on land or in water or 
retrieved from burrows or tile openings, show all stages of feeding, 
from specimens with most of the husks intact to those with not 
only husks and kernels gone but also large pieces of cob. 

With the ripening of the corn in September, cutting of stalks for 
ears may persist locally, but according to observational data in hand, 
on a decreased scale. There may be continued heavy or accelerated 
traffic into the cornfields for ears on fallen stalks or lying free on the 
ground. From ripening time until the water courses freeze over, the 
most general foraging in cornfields is noted. Ripened ears, like those 
in the roasting-ear stage, are usually taken into the burrows. The 
evidence suggests that corn ears stored or accumulated in the bur- 
rows comprise a very important item in the winter diet of many 
muslarats, even after the material becomes soggy and stale. 

After “freez muskrats, for no known reason, persist in 

visiting cornfields long past the time that other muskrats have 
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mised to come out, or they resume outside activities during thaws 
Others, such as those h-^g in burrows exposed by the drying un nf 
marshes and stream beds, _ may through necessit/ and rega?dless o 
the weather, forage daily m the open, in which event conffields mav 
be particularly inviting to them. StiU others may wander about^hl 
countryside,, estabhshmg themselves in farmyards, corncribs cwn 
shocks, or simply hving where they can; muskrats thus abroad in 

X fields except dry stalks refected bv 

cattle, but they eat these in the absence of anything better 

dry years, muskrats evicted from their accustomed habi- 
tats may actually improvise winter quarters in the cornfields Thei 
quarters vary froin flimsy temporary nests lined with dry grass 3 
husks to large dj-land lodges constructed of stalks, weed! mud and 
other portable though substantial materials. One farmer3orted 
^ ^ ® habitation that he 

EVALUAriON OF AN EXTREME INSTANCE OF MUSKRAT 
DAMAGE TO CORN 

The most conspicuous damage from muskrat feeding that was noted 
dmng the investigation occurred along a half-mile stretch ordfaSe 
ditch southwest of Story City, Iowa.® Since destructive raiding into 
a_ joining cornfields appeared to be a regular annual phenomenon the 
ditch and enracns were kept nnder cLfnl obsertraoTCgho!!! 

In that year corn was planted in three fields borderinp- alrYinat rtrakt 
entire side of the ditch; on the opposite side of the ditch was a elnQAltr 
gr^ed past™ a field of mixe/Ls and brily'rd” potato 

ditch Itself was about 5 feet wide at the bottom and about 8 feet 

mllv Af gra^ng by livestock, and the vegetation was princi- 

fet fteZlrwlSj.”' f«Wnacearc5pe”S- 

-.xn'+i?® spring breeding population of muskrats was not determined 

SlSo aff 4“^ conoen'Sed 

® 22, T. 86 N./R. 

tm^bke'ediw WA?n» “ ‘■‘‘® tlSy theS® .muskrats becoming suffi- 


Sept. 15, 1938 


Muskrat Damage to Crops in Central Iowa 


419 


yielded a total of 7. This should indicate a pretrapping fall popular 
tion close to 40 individuals, inade up for the most part of the adults, 
and increase of from 2 to 4 pairs, if the sex and age ratios of the ditch- 
caught muskrats are representative of the animals resident along the 
half mile under observation. Incidentally, the ratio of young animals 
to adults given above is the highest recorded in the course of 4 years^ 
study. 

From March 7 to 16, 1937, evidence was found that muskrats had 
visited cornfields nearby and fed on ear corn at the watcFs edge. 
Some feeding on ear corn was noted as late as April 14, after which the 
animals seemed to find the cornfields less profitable foraging than the 
vegetation-grown ditchbanks.^ Thereafter, no sign of renewed activity 
in cornfields was detected until the new corn plants were of substantial 
size. 

By July 14 and 15, considerable evidence of muskrats cutting down 
corn plants could be seen in the ttoee cornfields bordering the half mile 
of ditch. At tliis time, the cutting was judged to have started more 
than a week previously in some places and less than a week in others. 
A counted total of 144 corn plants had been cut up to July 15. Be- 
tween July 15 and 30, stalks were being cut at rates ranging from 6 to 
11 per day and averaging about 2 per day for each of the four main foci 
of activity. 

A marked increase of foraging in the cornfields occurred in mid- 
August and this had reached its apparent height by August 20. It is 
not clear whether this was due to the attractiveness of the ear corn, 
now at the roas ting-ear stage, or to the adults having been joined in 
their foraging by the larger of the young. Some of the young were 
doubtless between 3 and 4 months old and nearly as large as small 
adults. In July, young animals were observed feeding chiefly on 
natural vegetation in or near the water, but there is no reason to 
believe that the larger ones were not venturing out to help themselves 
to the roasting ears. The technique of the muskrats in procuring the 
ears, however, seemed to be that of strong and experienced animals. 

Most of the roasting ears were taken from the four main feeding 
areas where there had been cutting of corn plants earher in the summer. 
In two of these, the muskrats took ears principally frorn leaning or 
fallen stalks and did little cutting; in the other two, cutting of stalks 
for ears was noticeable on an extensive scale and, on August 25, at the 
rate of about 40 per day. The total number of cut stalks counted up 
to August 20 was 1,304. 

No thorough examinations of the affected cornfields were made 
from August 25 to September 19, but by the latter date, cutting of 
stalks for ears had greatly decreased with the ripening of the corn 
about 2 weeks before. Stalks evidently cut since ripening totaled 115. 
These added to an estimated 40 per day for perhaps 15 days subse- 
quent to August 20, plus those cut before August 20, would give 
something like 2,000 cut stalks by September 19. 

From this time on to November 4, the cutting and foraging of most 
of the muskrats was centered in an area in the corner of one of the 
cornfields. The area of intensive exploitation increased from 222 
square yards on September 19 to 718 square yards by November 4; 
the few stalks left standing were estimated to be about the same in 
number as those cut outside, so, for practical purposes, the corn in the 
area cut over should be roughly the equivalent of that taken by the 
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muskrats. The increase of 496 square yards in ~~ 

the destruction of 364 hills. One^hundred eio-htv two Tilf 
3.1 stalks, and tliis would give a total of 1,128 stafe cut bv 
rats since September 19, or an average of 24 5 pt 
EbewLere along Jlie half mile of ditch, masS StS 

fields pimcipally for ears on the ground, including tbn«p att i 
by men picking corn. ’ rncmamg those overlooked 

Subsequent damage was ascertained with less accuracv Ti, 
trapping season opened November 10, and the muskrats iSno-h 
trails were soon caught. A few days later, the weather turnoff 
enough to put an end to the cornfield visits of the remainbo!^ 
for the rest of the fall. It seems reasonable to assume 
rats averaged 8 days of foraging after Novembers On ^ ® 
basis of 24.5 stalks cut per day about 188 ‘idditiA-noi + u P^^“^‘^ta 
cut for ear, before the Ltblt t 

Sfr® “>“''““<1 types of fecdingSty “u M 

To recapitulate: A total of about 3 300 corn^tnlta r i 

the middle of November 1937 constitiLTfbi w 
damage to corn in three fields adiacent to the bnlf muskrat 

ditch. Two hundred stalks examined at random in the OaI^/ drainage 

^pprS? nS 

November 15, « and fur buyers were offering locally about SO 60 fl?t 
rate tor muskrat pelts. While the -letiml aoout !t>0.60 flat 

vata of the 27 muskrats trapped is over twice tS s?.!* knlwfeot 

to ta“triot i.f,s ts g 

which really did not appear to bow without cutting stalks— 

stance-the’^ total dlZg to th^™ nouTd‘°s?F£T“ “.a®" ^ 

sale of to, trfpped-KSrij srisS"U?hkt‘f Xit 

DISCUSSION 

muskrat^damag™to farm^cTOps in^tlm field^b^* 7^^ 

of watercourses, exc miles 
weather in late summer and earlv fall eyr7t7r^^^®i° dDry 

some stretches of stream bed ” 

the number of iimaffenoib L u* .that this reduced 

foraging in cornfields still 2essible ^^On?b^^^^T^^^® ^?®®®““^ 
may be said to have intensified TnuA'rai contrary, the drought 

from their regular quarters. skrat activity at increasing distances 

County agricultural agent reports. 
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Observations were made in 26 fields of corn witliin convenient reach 
of habitats occupied by muskrats in 1937. Of these, only the three 
adjacent to the half mile of drainage ditch described in this paper con- 
sistently suffered damage, but, in one other case, the autumn traffic 
for ears on fallen stalks was such that perhaps 30 or 40 ears could be 
seen at one time on the river bottom in front of a well-used system of 
burrows. 

Twelve of the twenty-six cornfields showed evidence of light or very 
moderate use, and 10 were apparently not used at all by muskrats. 
Moreover, the great majority of central Iowa cornfields are not nearly 
so accessible to muskrats as the 26 under observation. 

As a rule, foraging by muskrats occurs year after year in much the 
same local areas. Fields intersected by drainage ditches are particu- 
larly susceptible to damage by muskrats living in the vicinity; fields 
surrounding marshes are least troubled, possibly because of the abun- 
dance of favored foods usually present in natural marshy habitats. 

SUMMARY 

Data on food habits of muskrats in central Iowa were gathered from 
the summer of 1934 to the winter of 1937-38. Much the same areas 
were kept under observation during the entire period of study, and 
these were representative of intensively cultivated farm land adjacent 
to muskrat stream habitats of various types. Damage to farm crops 
through the foraging of muskrats was confined almost exclusively to 
corn in fields close to watercourses. 

The heaviest damage to corn recorded during the investigation 
occuiTed in three fields adjacent to a half mile of drainage ditch in 
Story County. The situation here was observed in some detail 
throughout 1937, and the visible loss in yield because of muslorats 
was appraised at $7.18 (equivalent of 18.4 bushels at $0.39 as of 
November 15). The current market value of the muskrat pelts 
taken by trappers from corresponding parts of the ditch was $16.20 
(27 pelts at $0.60 flat rate). 

Of 26 cornfields bordering about 11 miles of muskrat-occupied 
watercourses in 1937, only 1, in addition to the 3 near the drainage 
ditch, showed clear evidence of damage; the other 22 either were not 
used at all by muskrats or were used so slightly that the losses were 
immaterial. 






TOXIC AND REPELLENT PROPERTIES OF SOME INOR- 
GANIC AND ORGANIC COMPOUNDS AND MIXTURES 
IN GRASSHOPPER BAITS ' 

By Charles H. Richardson, researc/t professor , and Edwin J. Seiferle, research 
'assistant^ Entomology and Economic Zoology Section^ Iowa Agricultural Experi^ 
ment Station ^ 

INTRODUCTION 

This investigation forms a part of a project which has continued in 
Iowa for a number of years, some of the results having been published 
in 1932 (9)^ and 1933 {10). The practical objective has been a 
poison less toxic to human beings and domestic animals than sodium 
arsenite yet equally effective on grasshoppers, readily available, 
and low in cost. Attention has also been given to repellent action 
and to other phenomena of toxicological interest,! for it is recognized 
that a compound even mildly toxic or ^ repellent to such resistant 
insects as grasshoppers might be valuable in the control of less resistant 
species. 

Previous studies in this series were concerned with the rather precise 
estimation of the dosage of a few poisonous compounds; in this in- 
vestigation, an attempt has been made to survey the toxic and repel- 
lent properties of a much larger number of inorganic and organic 
chemicals. 

The experiments were made at Ames, Iowa, during the period from 
June 1 to August 12, 1937. 

MATERIALS 

One hundred and ten compounds and mixtures were tested in 
bran-water baits during the season. Unless otherwise stated in table 
1, all the inorganic compounds were of chemically pure or reagent grade. 
Some of United States Pharmacopoeia grade are so indicated. Most 
of the organic chemicals were of the highest grade obtainable from 
reliable manufacturers. Some, however, were of a technical grade 
as shown in the table. The nature of the noixtures is described briefly 
in footnotes. 

The bran, which formed about half the weight of the finished bait, 
was a clean, flaky, commercial product milled from wheat. 

The test insects were adults of the lesser migratory grasshopper 
{Melanoplus mexicanus mexicanus Smssme). They were captured in 
western and southern Iowa, kept in large cages, and fed daily on fresh 
corn foliage. The insects to be used in the tests were held in the 
laboratory overnight without food. 

1 Received for publication March 18, 1938; issued September 1938. Journal Paper No. J~536 of the Iowa 

Agricultural Experiment Station; project No. 137. ^ ' . 

2 Pbe writers are indebted to L. E. Mills of the Dow Chemical Co., to Dr. J. D. Horsfall of the American 
Cyanamide Co., to Dr. R. C. Roark of the Bureau of Entomology and Plant Quarantine, and to Dr. W. H. 
Tisdale of DuPont de Nemours & Co. for certain chemicals; and to Jean Austin for able assistance. 

2 Italic numbers in parentheses refer to Literature Cited, p. 432. 
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METHOD 


The bait consisted of 10.0 g of bran, 9.8 cc of distilled water and 
0.2 g of the compound or mixture, the concentration of the kttpr 
ingredient being therefore 1 percent by weight. Insoluble solids if 
not already in a finely divided condition, were ground to a fine powder 
before they were mcoiiiorated in the bait. Water-soluble substances 
wep dissolved in the water before it was mixed with the bran The 
bait was held in covered containers which were opened only when n 
quantity of it was removed for the tests. 

The method of administering the bait was modified somewhat from 
that previously described { 9 ), for it was found that Melanoplus m 
mexicanMS was more active than the species hitherto employed fre- 
quently upsetting the bait containers when attempts were made to 
feed the insect m large moist chambers. The modification consisted 
m vniglung about 0.5 g of the moist bait in a smaU, tared container 
made of paraffined paper with a hole in one edge by which it was 
suspended from a hook on the beam of the balance. The container 
was thrust toward the stoppered end of a large glass tube which was 
always maintained m a horizontal position. A narrow strip of screen 
wire provided the tube with a floor which caught and held the bait 
particles sometimes spilled by the insect. A previously weio-hed o-rass 
hopper was carefully introduced into the open end of the kibe wliicli 
was then closed with a cork stopper. A wad of moist cellucotton 
fastened to this stopper, supplied moisture to the air in the tube.’ 
I he change m moisture content of the bait during the feediner period 
was determined, and found to be within the limits of precision of the 
method. When feeding ceased, the insect was removed to a small 
screen cage where it was observed at intervals until death: or, if ap- 
parently unaflected, for a period of 72 hours. 

Two standard baits were administered throughout the experimental 
permd to passhoppers taken from the same populations that furnished 
indivickals for the other tests. The standard baits were: (1) A bran- 
water bait (10.0 g of bran and 10.0 cc of water) on which 50 insects 
were fed during the period; (2) sodium arsenite bait (10.0 g of bran 
NflH aqueous solution containing 0.2 g of AsA as 

JNaHsAsOs) fed to 66 insects during the same period. The latter 

the same concentration of sodium 
arsenite calculated as AS2O3 as that employed in Iowa during the 
passlmppr-control campaign of 1937. Molasses was not used in 
these baits; it is now practica ly excluded from the baits employed in 
large-scale poisoning m the Middle West ^ 

mie?an?r?£wf grasshoppers fed individually, of which 5 were 
males and 5 females in order to equalize possible sex differences 
bmce about 1 m each sample of 10 control insects fed the bran-water 
standard died from natural causes,^ the test was usually repeated on 

sSipl^ ® ^ ^'li^iduals diJd m the first 

^dded compounds or mixtures were: 
(1) Net m mortality obtained from the formula Af = (a:~'?/)lG0/r 
m which X represents the mean percentage of insects alive 72 hours 

thoreforo, moderate iu the Populatfc?rom wSWt , Normal mortality w'as, 
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after feeding ad libitum on the bran-water standard, and y the mean 
percentage alive after feeding on the experimental bait; (2) mean 
survival time, the mean interval in hours from cessation of feeding 
until death, death being the failure of the insect to respond by move- 
ment to pinching of the tarsi or palpi with forceps; (3) mean bait 
consumption, the mean quantity in grams of bait eaten; (4) mean 
feeding time, the mean interval in minutes from beginning to cessation 
of feeding; and (5) milligram/gram, the mean quantity of compound 
or mixture in the consumed bait calculated as milligrams per gram of 
body weight of the insect. 

THEORETICAL COMBINATIONS OF MORTALITY, BAIT CONSUMP« 
TION, AND FEEDING TIME 

In a series of data based on mortality with respect to a nontoxic food 
substance, there are only two combinations involving mortality, 
namely, a series without mortality and a series in which mortality is 
present. On the other hand, data on bait consumption from insects 
fed ad libitum may be grouped into three combinations expressing 
levels of bait intake with respect to the standard; that is, consumption 
higher, the same, and lower than that of the standard. Data on 
feeding time from insects fed in the same manner, likewise, may be 
placed in three groups; namely, time longer, the same, and shorter 
than that on the standard. There are then 2 possible mortality series 
and 9 possible combinations within each series, or a total of 18 theo- 
retical combinations of mortality, bait consumption, and feeding time. 

In the tabular arrangement of these theoretical combinations, given 
below, M indicates mortality, (7 bait consumption, and T feeding time, 
whereas the levels are indicated by A, s, and Z, signifying, respectively, 
greater than, the same or similar to, and less than the standard. 

Mh^ Mortality greater than that of the standard food substance: 

CViT/i, Very attractive toxic baits; eaten slowly. 

0/iTs, Very attractive toxic baits; eaten in normal time, 

(thTlj Very attractive toxic baits; eaten voraciously. 

CsTA, Not markedly distasteful toxic baits; eaten slowly. 

CsTs, Toxic baits; consumption and feeding time like standard, 

CsTZ, Toxic baits; consumption normal, but eaten rapidly. 

Repellent toxic baits; eaten slowly. 

ClTs, Toxic baits; consumption small, but eaten in normal time, 

ClTl, Toxic baits; consumption small, but eaten in a short time. 

Ms, Mortality not greater than that of the standard food substance: 

ChTh, Very attractive baits; eaten slowly. 

G/iTs, Very attractive baits; eaten in normal time. 

Very attractive baits; eaten voraciously. 

CsTA, Attractive baits; consumption normal but eaten slowly. 

CsTs, Attractive baits; consumption and feeding time like standard. 

CsTl, Attractive baits; consumption normal, but eaten rapidly. 

Repellent nontoxic baits; consumption small, but eaten slowly. 

ClTs, Repellent nontoxic baits; consumption small, but eaten in normal time. 
ClTl, Repellent nontoxic baits; consumption small, but eaten in a short time. 

RESULTS 

The results are arranged in table 1 according to the combinations 
just discussed. Compounds which gave net inean mortalities of less 
than 15 percent are considered doubtfully toxic at the concentration 
employed. 
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, Table 1- 


-Effect on grasshoppers of compounds and mixtures in bran baits 


Compound or mixture in bait 


Bran- water standard (no added chemical, 

Zinc phosphide (98.7 percent ZnsPo) 

Phallous sulphate 

Ammonium fluoride . 

Potassium fluoride (KF.2H2O) I 

Arsenic trioxide 

Arsanilie acid 

Mercurous chloride 

Cry.stal violet (dye content 94 percent) ! 

Diphenyl,. 

Ammonium bifluoride (NH:4F.HF) T" 

Zinc arsenite (tech.) „ 

Sodium arsenite (NaHsAsOs) 

Magnesium carbonate I 

Sodium benzoate,, ... 

Zinc cyanamide (tech.).,.,, I_II 

Barium fluoride 

Calcium fluoride— 

Chromic oxide 11111111” 

Antimony pentoxide I—irr"" 

Antimony potassium tartrate (CJ. S. P.)__.I. 

Bismuth trio.xide 

Lead benzoate : .I." 

Lead chromate 

Magnesium acetate [Mg (CoHsOsL'iSoil"” 

Potassium permanganate 

Stannous chloride (SnGl2.2H20) 

Acetone sodium bisulphite.. 

Hexaehlorobenzene 

Triphenylmethane 

Triphenylguanidine 

Ammonium oxalate 

Antimony trioxide.. 

Barium chromate 

Bismuth oxychloride —..TT” 

Bismuth subear bonate ' 

Bismuth subnitrate. 

Boric acid 

Cadmium chloride. 


Theoretical , 
combination 1 


Cadmium nitrate [Gd (N03)2r4H'20]”’”‘‘” 
Cadmium oxide. 


Cadmium sulphrteYs'CdSoT.SHioY” 

Calcium carbonate..,. 

Lead borate [Pb (B02)2.H26i 

Magnesium chloride (MgCl2.6H20) 

Magnesium citrate " — 

Magnesium fluoride 

Magnesium oxide _ I 

Magnesium oxalate (MgCaOi.YHio)" 
Magnesium phosphate [Mg3(P04)2.4H20]..,” 
^^^aesmin^u^^hate, 12 percent (U. S. P.)’ 

Mpganous sulphate (MnS04.2H20) 

Potassium bromate 

Potassium chrome alum. 

Potassium ferricyanide 

Potassium methyl sulphate,,”"’”"”” 

fcodiumiodate — — - 

Sodium lauryl sulphate! — 
bodium sulphide (Na2S.9H30)!’”’"”” 

Sulphur. — — 

Crotonie acid - 

Trithiomethylene II” - -—I 

Copper cyanamide (tech,) — — — — — 

'P-Aminophenol " 

o-Cyo!ohexylphenol 

P-Oyclohexylphenol 

Sodium phenolsulphonate (XjIs’pT’“’”"’“ 
Tri-o-eresylphosphate-,.,.._. 

Besorcinol (U. S. P.) 

a-NaphthoL, 


See footnotes at end of table. 


MhChTh^, 

MhCsTh^^ 

MhCsTs.^.. 

do.—.., 

-----do 

^-do 

-----do 

do 

.^—do 

MhCsTL,. 

MhClTs 

MhClTU. 

MsChTh.. 

.--—do 

do...... 

MsChTs,^.. 

do-, 

— -do— 
MsCsTh 

,— do... 

do 

do 

do 

do — . 

do 

do 

do 

do... 

do,... 

do 

MsCsTfi^ 

—..do. 

do. 

do 

— do 

do... 

do 

do 

do-....- 

do— — 

do.— 

do.,... .. 

._^-.do 

■do 

do. 

do—, 

do— — 

do— 

—.—do 

-—-do 


.--._do— 

do... ... 

do.. 

——do..—. 

do...— 

——.do.. 

— do 

—do. 

do.—... 
do— ... 
do-.^.— 

do 

— do— 

do, 

— .do 

.— — do...— _ 
—do...... 

—do. .1 

do.-- 

— do.-- 
-.-do,.-. 


Meai 



- Mear 


bait 

Mean 

Mflli 

Net 

con- 

feeding 

gram 

/ sur- 

mean 

sump 

time 2 

gram 

3 vival 

mor- 

tion 


time 

tality 

Gram 
0. OSS 

Minute 

1 : 


Houtu 

Percent 


*^34 

1.864 

22 

100 

.046 
.030 
*. 049 
.030 

**25 

13 

15 

19 

1.175 
1. lOi 
1. 641 
.822 

36 
13 
13 

37 

100 

100 

100 

.039 

20 

1.082 

42 


.030 

.033 

18 

20 

.891 

1.061 

47 

42 

,10 

20 

.038 

20 

1.012 

31 


.028 
** 022 

**10 

14 

1. 013 
.715 

15 

47 

lOQ 

014 

**8 

.447 

31 


060 

**38 

2.270 


**. 052 

**3S 

1.890 



** 059 

**34 

1.874 



** 057 

19 

1.928 



057 

*22 

1.745 



**. 052 

17 

1. 619 


0 

.037 

**34 

1. 201 


.046 

**24 

1.230 


0 

.041 

**25 

1.152 


.044 

**31 

1.554 



.038 

**24 

1.104 



* 048 

»*24 

1.566 



*. 052 

**24 

1. 562 



. 038 

**23 

.976 



. 036 

**31 

1.101 



.034 

**25 

. 930 



*. 048 

**30 

1.227 



.044 

**30 

1.219 


0 

.029 

20 

.815 


0 

.045 

16 

! 1.043 


0 

.038 

21 

1.139 


0 

.033 

16 

.967 


n 

.044 

21 

1. 137 


u 

0 

.039 

20 

1. 164 


0 

.037 

*22 

1. 246 


0 

'3 

.034 

16 

1.054 


. 039 

19 

1. 149 


() 

.038 

20 

1. 099 


0 

.033 

.043 

16 

16 

.992 

1.179 


0 

n 

,042 

*25 

1.244 


0 

.032 

16 

1.311 


0 

^ 049 

21 

1.564 


" 0' 

. 041 

*23 

1.075 , 


0 

.035 

*23 

.954 . 


0 

.042 

20 

1.113 . 


0 

.032 

22 

.791 . 


0 

.028 

15 

11.154 - 


d 

.039 

19 

1.099 . 


0 

.040 

18 

1. 155 - 


9 

. 039 

20 

1.092 . 


(I 

.034 

22 

1.078 . 


0 

. 050 

20 

1423 . 


0 

047 

21 

1.230 - 


0 

.053 

22 

1. 544 . 



.028 

*11 

.652 . 


0 

.028 

21 

.785 - 


0 

.030 

14 

.931 - 


9 

, 044 

16 

1.207 - 


0 

033 

20 

1.173 . 


0 

,051 

17 

1.860 . 


0 

035 

25 

1.034 - 


9 

039 

17 

1.097 . 


0 

037 

21 

1.136 . 


0 

046 

*22 

1.440 - 


0 

032 

*11 

.848 _ 


0 

037 

14 

.979 _ 


,3. 

037 

21 

1. 103 . 


0 

027 

22 ‘ 

.734 . 


■'.■O''' 
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Table 1 . — Effect on grasshoppers of compounds and mixtures in bran baits — * 

Continued 


Compound or mixture in bait 

Theoretical 

combination 

Mean 

bait 

con- 

sump- 

tion 

Mean 

feeding 

time 

Milli- 

gram/ 

gram 

Mean 

sur- 

vival 

time 

Net 

mean 

mor- 

tality 



Grams 

Minutes 


Hours 

Percent 


MsCsTs 

0. 029 

19 

0.849 


0 

XXX Phenols 

do.„— - 

*, 028 

*23 

.817 


0 

p-Nitrodipbenyl ^ 

do 

.031 

22 

.883 


0 


do 

.026 

*11 

. 771 


0 

7 /j^Dinitrobenzenc - 

do-„-— 

*. 024 

13 

. 579 


0 

Safranine bluish- 

.__.do. 

.029 

21 

.722 


0 

Settled wood tar 

-—-do 

.030 

16 

.751 


0 

Suiphanilic acid 

do 

.044 

18 

1, 085 


0 


do - 

. 043 

20 

1. 239 


0 

Tw-Phenylene diamine 

do„ 

.040 

*23 

1. 134 


0 

Diphenylguanidine 

do - 

.031 

17 

.920 


0 

a-N aphthylamine 

do 

.029 

16 

.735 


0 

^-Naphthylamine 

do 

.042 

15 

1.527 


0 

Diphenylamine sulphate™ 

_.do 

.036 

16 

1.184 


0 

Piperidinium tetfathiocyanatodiammino 

do 

.046 

*21 

1.222 


0 

chromium. 







Magnesium sulphate, 1 percent (U, S. P.) 

MsCsTl 

.034 

**10 

.972 


0 

Paraformaldehyde 

do 

.030 

**10 

1. 006 


0 

Quinoidine ® - - - 

MsClTh 

023 

**27 

.718 


1 0 

Barium thiosulphate (BaS203.H20) 

MsClTs 

**. 024 

' 20 

.732 


' 0 

borate 

-- _-do_ 

**. 022 

12 

.618 


0 

Cupric carbonate.-- 

do 

**.021 

*11 

.532 


0 

Cupric sulphate (CuS04.5H20)_ 

^^.do 

**.022 

11 

.618 


0 

Sodium thiocyanate 

^.do 

**. 023 

16 

. 618 


0 

Phenol 

,_do 

**. 012 

14 

.363 


0 

Tetrachlorophenol (tech.) 

do— 

**. 016 

15 

.385 


0 

Pentachlorophenol (tech.) 

do— 

**.024 

15 

.689 


0 

Benzamide 

do 

**. 015 

21 

.516 


0 

Acridine 

do... 

** 023 

13 

.712 


0 

p-Nitrophenetole - 

— ___do.._^ 

** 022 

19 

.715 


9 

Nicotine peat ® 

-----do... 

**. 016 

18 

.444 


0 

Cn pri c ar*fttatfi [CurC<)HaOf!')<!.Tr<»0] 

MsCLTl 

**. 013 


.400 


0 

Mercuric chloride 

do 

**. 010 

**6 

.295 


0 

Magnesium sulphate, 35 percent (U. S. P.) 

do 

**. 009 

**5 

7. 666 


0 

3,5-I)initro-o-eresol 

do 

** Oil 

**4 

.299 


3 

Magnesium 2,4-dinitro-6-cyclohexylphenate 

-——do 

**-008 

**5 

.214 


0 

Acetophenone 

do 

** 009 


.260 


0 

XXX Oil < - 

do— 

**. 022 

**9 

.568 


0 

p-T)i'f»h loro ben Zft Tift _ 

do— — 

**. 016 


.452 


3 

Naphthfllftofi . 

do 

** 022 

**8 

.609 


0 

o-Nitroanilioft 

do 

** 008 

2 

.247 


0 

Tsnqnfrtolioft 

do 

** 009 

**8 

.312 


3 









1 M signifies net mean mortality, C bait consumption, 2’ feeding time; and with respect to a nontdxic food 
substance, h indicates greater than, s the same as or similar to, and I less than. 

2 ** Signifies highly significant (P= 0.01); * signifies a significant difference (P-0.05). 

2 Milligrams of added chemical per gram of body weight of the insect. 

< From destructive distillation of wood. 

® Mixture of amorphous alkaloids from cinchona bark. 

® Peat containing 10 percent of total nicotine; 90 percent of the nicotine is insoluble in water when the 
aqueous mixture contains about 0.5 percent of nicotine peat. 

Survival times are approximate. In some instances they could be 
determined closely; in others, particularly when the insect died dur- 
ing the night, the survival time was estimated. The data are valuable, 
however, when large differences are concerned. 

The mean bait consumption for each experimental bait was tested 
by the i test for a significant deviation from mean consumption of 
the bran-water standard. Since the samples were small, only means 
which gave values for t corresponding with probabilities of 0.01 or 
less are considered significant. These are indicated in the ^table by 
two^ asterisks. Means that yielded ^ values corresponding with prob- 
abilities of 0.05 or less, but greater than 0.01, although usually re- 
garded as significant in biological experiments, are not so considered 
in the interpretation of these restilts. They are marked by an asterisk 
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if olifi j • ■ bait consumption not so marked, unless 

qualified m the discussion following, are interpreted as n^bsWv 

SdaS consumption of the bran-S 

Feeding time is more variable, and its precise determination there- 
fore more difficult, than that of bait consumption. Feeding time is 
subject to several errors. To avoid disturbance, the feedmg ffiJc 
niust not be observed too closely. During long feeding interfaS The 
insect may stop eating for a time, although frSm its position before 
tlie^ bait container it may appear to be feeding actively. Whenevpr 
such pauses were noted they were timed, and the time was deducted 
from the total feeding time, But it was not possible to dL2t them 
all, consequenfry, long feeding times are subj'ect to greater error thnn 
short times. On cool days, the insects fed more slof ly than 0 ™^ 
days. During cool weather, experimentation was usually discontin 
ued, or the data were marked for later quahfication. A^in certain 
compounds may have so affected the texture or other physical nrfm 
eitiesmf the bait that the rate of feeding was reduced. Notwith- 
stending these inaccura,cies, feeding time has been of considerable 
va lie in the interpretation of the action of certain chemicals The 
data were tested for significant deviations from the bran-water stand- 

in Kl^^i described for bait consumption, and the means in 

table 1 are marked by asterisks in the same way. 

DISCUSSION 

moT-fidit? chemical substances on 

N * consumption, and feeding time in this discussion apply 

S theInSs?bf fr employed, namely, 1 percent by we?|ht 

waftested magnesium sulphate which 

was testea at 1-, 12- and 35-percent concentrations. 

ethal group.— Only 12 of the 110 compounds and mixtures tested 

of^ n— are assigned to six 

tim? possible combinations of bait consumption and feeding 

compound, zinc phosphide, can be placed in 

cnSf iThn^ ??n * resembles M difer- 

cnfwte (Thos.) m survival time and susceptibffity to this compound 

is ^hortel-'' bf f tpf ^ with sodium arsenite on mexicanus, survival time 

and the feeding time are 
it differs in the sifnifmanSy 
shorter survival time and the larger dose (milhgram/o'ram'). The 

fob tre^sTaTSrffi compared with those 

1 ^ believed of actual significance. 

-rouu tl^allous sulphate, is placed in this 

tlnn I'b.t fi, survival time is similar, its toxicity is lower 

residt*of overfimiuT- f feeding interval may be the 
SfiTinuI t^io.PFcscuce of tliis poison does not 

ufcct the quantity of bait consumed, 
this twelve toxic compounds are assigned to 

shortest Auoride and potassium fluoride have the 

^Ss the toxic com- 

for sodinni time for arsenic trio.xide is about equal to that 

. odium ansenitt, and probably equivalent to the survival times of 
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the other compounds in this category, except the two fluorides. 
Arsanilic acid (P-H2NC6H4ASO3H2) is apparently less toxic than the 
other arsenic compounds^ used in this investigation. Brinley {!) 
tested a number of aromatic compounds of arsenic on the eastern tent 
caterpillar {Malacosoma americana (Fab.), none of which proved more 
toxic than the inorganic arsenates. Mercurous chloride was perhaps 
slightly toxic though certainly not repellent, whereas mercuric chloride 
(cf. MsClTl) was so highly repellent that little of the bait was eaten. 
Crystal violet, a triphenylme thane dye, which Campbell { 2 ) reported 
highly toxic by mouth and by injection to silkworms {Bomhyx mori 
L.), and diphenyl were just slightly toxic at the concentration used. 

It is of interest that more than half the baits containing toxic com- 
pounds were eaten in quantities and in a time equal or similar to that 
of the bran-water standard. 

MhCsTl.-—Ovlj ammonium bifluoride falls in this category. In 
toxicity, survival time and bait consumption, the data are not distin- 
guishable from those for the two fluorides in the group above. But 
the feeding time is shorter. Additional information would possibly 
change the group locations of these fluorides. 

MhClTs , — Zinc arsenite, the single compound in this category, 
resembled sodium arsenite in toxicity and bait consumption, yet the 
feeding time was longer. 

MhClTl . — Sodium arsenite is the only compound which can be 
assigned to this category. On the basis of AS2O3 concentration, it 
was slightly less toxic than AS2O3 itself, but the difference is probably 
of no significance. The survival time was similar to that of the other 
arsenic compounds tested, except zinc arsenite, and significantly 
longer than the survival times of the soluble flourides. However, 
bait consumption was the smallest, feeding time the shortest of the 
toxic compounds examined. The results appear to support a former 
conclusion from a study of the eflPect of sodium arsenite on Melanoplus 
femur-rubrum femur-rubrum (DeG.) and M. differ entialis that /‘the 
grasshoppers were not repelled by the odor or taste of the bait mix- 
tures used, and ceased to feed only when they became satiated or 
were too sick to eat more'^ ( 9 , p. 1078 ). 

Nontoxic group.— Eight of the nine theoretical combinations were 
realized. The only combination to which a compound could not^be 
assigned was MsChTl. Such a compound, so definitely attractive 
that large quantities of the bait containing it would be devoured in a 
short time, would seldom be found among substances selected for 
their toxic or repellent action. 

MsChTk.— Three compounds are assigned to this category. The 
attractiveness of zinc cyanamide, a technical product, may have 
resulted from impurities. The apparent attractiveness of magnesium 
carbonate and sodium benzoate cannot, at present, be related to their 
physical or chemical properties. 

MsOhTs.— The three compounds in this category appeared to 
stimulate increased bait consumption. Barium and calcium flourides, 
relatively insoluble compounds, are apparently without toxicity to 
the insect used. 

AfsGsTA.— Twelve compounds, grouped here, show^ed significantly 
long feeding overtiming may have been frequent in 

this group, mean feeding times of 30 minutes or more probably have 
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actual significance. Some of these compounds may have renrlpr-ai 
the bait somewhat distasteful, or have changed its physical pro^Ses 
with a residtmg mcrease of feedmg time; but direct 4servations ^e 
not avadable on these pomts._ Lead chromate and stannous cmLvi! 
were ^rhaps very slightly toxic at the concentrations used 
■ ^bout half the nontoxic compounds fall in this cate^rorv 

in which there are no striking differences from the bran-water *stSd’ 
ard. A few compounds in this group gave net mortalities as hio-Ks 
9 iiercent, and a few showed significant differences from the standnrd 
bmt consumption and feeding time that in larger samples might become 
highly significant.. Noteworthy is the almost complete lack of 
icity of the cadmium compounds. Several investigators (A 5) have 
found certain cadmium compounds toxic to a number of species of 
insects. The seven magnesium compounds proved to be without 
toxicity, a result anticipated from the conclusions of several ToSs 
vluch were published while this investigation was in progress (S 8 
11). . Like the barium and calcium fluorides, the insoluffe magnesium 
fluoride is nontoxic. Diphenylguanidine, reported by Ginsburg and 

silkworms, was ^^lZt 
i"^ these^tef*”^^^^^* *be lower concentration employed 

MsCsTL— Two ^compounds are assigned to this category. Mas- 
iiesium sulphate at 1-percent concentration gave a short feeding time 
12-percent, the feeding time was normi ® 

Kirill ^ mixture of amorphous alkaloids from 

rendered the bait so unattractive that it was 
nibbled over a long feedmg penod. It is possible the. actual feeding 

time was shorter than that given. This substance is reported as some- 

repeUent to the sffkworm (5). 

AlsCiis.— There are 12 compounds in this group. Bait consumn- 
tion was significantly low, and the feeding timis for most of the cmS- 
pounds were shorter than that for the standard, although the differ- 
ences are not significant. Three of the five copper compounds SaS^- 
med appear in tMs group. Larrimer (8) found cupric sulphate the 
m(Kt repellent of a number of substances for several species of o-rass- 
hoppers and crickets. Pentachlorophenol, reported as rather toxic 
iotToxiTto'^X^r* V Silkworm (8), proved rather repeUent and 
these tests* m. mexmanus at the concentration used in 

compounds all highly repellent, fall in this group, 
^d chloride and magnesium sulphate, the latter 

minds are^organic com- 

poundb. ihe results from magnesium 2,4-dinitro-6-cvclohexvl- 
phenate are in accord with those obtained by Kagy (7) mT the S- 
^lum salt of this compound on Melanoplus f. femur-ruhrum The cal 

leXuoseTere futi^*^ V ^^at almpts to Ma 

as tolrifas ar^eni S^W more than twice 

toxic and + 'f^l'bough isoquinoline proved somewhat 

slio-htlV to\nV Silkworms (.5'), it was at most very 

^ The dSta fo^ tbp at 1 percent. 

The 4 sS^ivis^Mm W«™ds were examined for sex differences. ' 
were femalT sodium arsenite bait 

temales, and the females consumed a larger absolute quantity 
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of this bait, and a larger quantity relative to tbe body weight than 
the males. The difference between the means of bait consumption 
for the sexes was significant, but not highly significant- The means 
for survival time and feeding times were not significantly different. 
Nine of the fourteen insects that survived the diphenyl bait were 
females, and the size of the dose in milligrams/gram xonsumed by 
the females was highly significant, in fact, nearly twice that eaten 
by the males. No other differences in the effect of the toxic com- 
pounds on the sexes were as clearly suggestive of a significant sex 
difference as these. 

The insects fed the bran-water bait consumed, before they ceased 
to eat, 0.10 g of the bait per gram of body weight. No significant 
sex differences were found in the quantity consumed relative to body 
weight. On the basis of a mean bait consumption of 0.038 g., and 
a mean body weight for both sexes of 0.384 g., these grasshoppers 
consumed approximately 10 percent of their weight at one feeding. 
This figure is smaller than the value (16^ percent) obtained for the 
consumption of a bran-molasses-water bait by Melanoplus f. Jemur- 
rubrum (9), 

SUMMAEY 

One hundred and ten inorganic and organic substances were fed 
individually in bran-water baits to adult lesser migratory grasshoppers 
{Melanoplus m. mexicanus Saussure), the chemical substance con- 
stituting 1 percent by weight of the moist bait. The insects were 
allowed to feed ad libitum on the bait mixture. The net mean 
mortality within 72 hours, mean survival time in hours, mean bait 
consumption in grams, mean feeding time in minutes, and^ mean 
quantity of chemical substance consumed with the bait in milligrams 
per gram of body weight of the insect were recorded. The theoretical 
combinations of mortality, levels of bait consumption, and levels of 
feeding time with respect to a nontoxic food substance are tabu- 
lated and the results for each bait are grouped and discussed 
under the appropriate combination. Conclusions are limited strictly 
to the effects produced by the chemical substances at 1 -percent 
concentrations. 

The lethal compounds are grouped as follows: (1) Highly toxic 
compounds (93- to 100-percent mortality)— zinc phospHde, ammo- 
nium fluoride, ammonium bifluoride, potassium fluoride, arsenic 
trioxide, sodium arsenite, and zinc arsenitej (2) moderately toxic 
compounds (77-percent mortality)— arsanilic acid and thallous 
sulphate; (3) slightly toxic compounds (15- to 20-percent mortality): — 
crystal violet, diphenyl and mercurous chloride. The three fluorides 
gave the shortest survival times, zinc phosphide was intermediate with 
22 hours, and the remaining lethal compounds ranged from 31 to 47 
hours. Highest bait consumption in the lethal group was given by 
zinc phosphide, lowest by sodium arsenite and zinc arsenite. The 
insects fed longest on baits containing zinc phosphide, but only a 
brief period on the ammonium bifluoride and sodium arsenite baits. 
Sodium arsenite is outstanding in the small quantity of poison relative 
to body weight required for high toxicity. 

The nontoxic substances varied greatly^ in their effect on bait 
consumption and feeding time. Gonsumption was greatest of baits 
containing magnesium carbonate, sodium benzoate, zinc cyanamide, 
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barium fluoride, and cl^omic oxide, and smallest of baits cont«^r,^r. 
a rather large group of compounds among which were most* of 
copper compounds and inany of the phenols used in thSe 
Feeding time was abnormally long, or equal to that on the bran wn w 
standard, on compounds that showed high bait consumption ff'f 
was alsq very long on some chemicals that were consumed in no!it i 
quantities. Some of these long feeding times may have rSd 
from the effect of the compound on the texture or other JhvsirS 
property of the bait. All the cadmium and magnesium 
were ineffective e.xcept magnesium sulphate, which was re3nTS 
the enormous concentration of 35 percent. The insohihlA^fl,^^^^j^* 
of barium, calcium, and magnesW were noXi^ 
chloride was so repeUent that little of the bait containing it w^s eateT 

thanioXieS?s.^ the males 

If undisturbed, this grasshopper consumes about 0.10 g of a nontoYiV 
"""" 
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PROTEOLYTIC ACTIVITY IN RELATION TO THE 
BLACKENING OF POTATOES AFTER COOKING ^ 


By A. Frank Eoss, research assistant in agricultural chemistry, and W. F. 

Tottingham, associate professor of agricultural ehemistry, Wisconsin Agrimh 

tural Ewperiment Station 

INTRODUCTION 

In a previous paper (iSy a. generaLsurvey was made of the factors 
related to the development of gray to black discoloration in boiled 
potatoes {Solanum tiiberosum L.). Evidence was there presented 
which indicated instability of the protein in abnormal tubers, and it 
was concluded that this condition is associated with the accumiilation 
of tyrosine, tryptophane, and other amino acids. Other obseiwers of 
such accumulation (<5, ii, IS) noted its correlation with a deficiency of 
potassium in plant tissue. Thus the nutritional and enzymic aspects 
of plant existence become associated, and it is apparent that abnormal 
activity of enzymes may follow upon malnutrition. Hartt (5) con- 
cluded that the accumulation of amino acids, which she observed in 
potassium-deficient sugarcane, w’^as the combined result of diminished 
synthesis and translocation of protein. The present paper covers an 
investigation of proteolytic activity as a causal factor in the blacken- 
ing of cooked potatoes. Since the early paper of Vines (IS) men- 
tioning the presence of ‘hryptase” in the potato, little data have been 
reported with reference to the proteolytic enzymes of the potato tuber. 

Since most of the protein of potato tubers is soluble in the sap (^) 
it appeared advisable to use sap as the substrate. The proteolytic ac- 
tivity was determined by following the rate of liberation of amino 
acids during thei autolysis of tuber tissue. As tyrosine seemed to be 
a primary factor in discoloration, particular attention was given to the 
release of this constituent. Potato tubers rate high in tyrosinase 
activity and, consequently, that enzyme rnust be inhibited ; otherwise, 
much tyrosine may be lost through oxidation. Most of the inhibitors 
of tyrosinase are known to activate certain plant proteases, so that 
their use might introduce complications. Hence it appeared advis- 
able to allow autolysis to proceed under anaerobic conditions. 

Another reason for the choice of this treatment arose from the work 
of Paech (W) on autolytic decomposition of proteins in green tissues. 
He found that the activity of protease was readily modified by atmos- 
pheric oxygen after cell destruction, and that this oxidation was pre- 
liminary to activation. Since oxygen tension within the tuber is quite 
low, exclusion of air w'ould approach the natural condition of the 
tissue in this respect. 

Received for publication March 19, 19i3S; issued September 1938. This work was 
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PEOCEDUEE 

Eepresentative samples of normal and of abnormal tubetN too,. 
washed, wiped carefully, and frozen with solid carbon dioxide. m?le 
still thoroughly frozen the samples were ground in a chilled meit 
grinder. Portions of the 'well-mixed tissue were placed in i 
flasks and an equal weight of oxygen-free water was added Toluene 
was added as a preservative. In some cases twice the above weight of 
vater was usecl. The flasks w^ere fitted with rubber stoppers throncrl, 
which paped uAet and outlet tubes. Mtrogen gas, free of oxvffm 
was then bubbled throug-h for several minutes. After the flasSS 
sealed they were allowed to stand (with occasional shaking at room 
temperature for several hours. They were then placer! In ir, 
meinight to obtain complete thawing and exosmosis of cell content^ 
V ith a minimum of enzymatic change. During the next morn^nl ^, ’ 

IIL*' rV" ”1” ‘-WaWe lib sZnSIS 

interak ■'““‘“‘ad 3T" C. and s,mpM at 

iPiile the samples were being taken nitrogen was bubbled thrmio.u 
t onfTOr^^"^^ ^ providelhorrigh stirring^ 

"Salty 

.mbejcolored Aliquot p.lk weit, froS’tkf £ 

itv^mi-X^ that other variables than proteolytic activ- 

1 I ±‘ included in this experimental treatment the tuherc? qa 

fore, be depeud.bk'^l? 

Stto S;“4 ™ Into! 

wet bfSo “to 

variations in enzrauc aSitv A ^ n f e 

enzyme concentration was inc?eas^ bt SJ alternatives the 

equivalent of 0.2 g per 100 "S thfsuc 
water of a comufe& 

prepared by substituting an equal volume of .p^ftrols were 

suspension. In other digests thr«mn„,Tr?i= * I for _ the enzyme 

tothttSt nCrtuTeLfo^Sa^^^ 

ride. In some experimeift? H • i potassium chlo- 

tolysatee (ttVS' K» J of tto.f ™ a'' «“■ 

mereasiugthecmcentratioioLSleproteta' 
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DETERMINATION OF TYROSINE AND OF TRYPTOPHANE 

An aliquot portion of the digest (commonly 10 cc) was pipetted 
into a 100-cc volumetric flask and diluted with 30 cc of water. 
Twenty-five cubic centimeters of a saturated solution of sodium car- 
bonate was then added, followed immediately by 5 cc of Folin and 
Ciocalteu’s {3) phenol reagent. ^ After standing for one-half hour, 
the contents of the flasks were diluted to volume, and the color was 
compared with that developed by a tyrosine standard similarly 
prepared. 

In tests not reported here it was found that this procediire gives a 
much higher result than can be accounted for by the sum of tyrosine 
and tryptophane when determined sejiarately by the procedure cited. 
It was considered likely here that any changes occurring in this frac- 
tion would be due primarily to shifts in the amount of these amino 
acids. However, because of the possibility of other changes, the con- 
tent of a-amino nitrogen in digests was determined also, 

DETERMINATION OF a-AMINO NITROGEN 

The method employed for* determining a-amino nitrogen was a mod- 
ification of the Sorensen formaldehyde titration. It was found that 
the comparator technique of Grunhut (7) and of Liiers {9) could be 
satisfactorily applied. The concentration of indicators and the vol- 
ume of solutions at the time of comparison were carefully controlled. 
Titration was accomplished in two steps : (1) In aqueous solution to 
an end point corresponding to pH 8.5 (using phenolphthalein) ; and 
(2) irom this end point to the same color after the addition of neutral 
formaldehyde. Titer 2 is a measure of the liberated amino nitrogen. 
It was found that the use of N/TO sodium hydroxide gave duplicate 
determinations of good agreement. 

The preparation of neutral formaldehyde deserves special comment. 
It was observed that if 40-percent formaldehyde, adjusted to a faint 
pink with phenolphthalein, was diluted several times with water, a 
very noticeable increase in the indicator color resulted. When the 
neutralized formaldehyde was added to a sample containing a small 
amount of a-amino nitrogen (step 2) there resulted not the expected 
discharge of the pink color, but its intensification. This eftect was 
noticed also by Mounfield who eliminated the error through in- 
dividual correction in each case by adding the sodium hydroxide 
equivalent of the apparent development of alkalinity. In the pres- 
ent investigation this error was eliminated by adjusting the formal- 
dehyde to such a pH value as to give the desired shade of indicator 
upon dilution in the titration. Precautions were taken to insure the 
proper concentration of indicatoiv 

RESULTS AND DISCUSSION 

The results of the first several preliminary experiments were some- 
what erratic but indicated, on the whole, a significant difference in 
the proteolytic activity of discoloring and normal tubers. Proteo- 
lytic activity was generally greater in the digests of discoloring tubers 
than in that of normal tubers. The average results of three of the 
more reliable tests are shown in figure 1, disclosing a substantially 
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greater activity in the abnormal tubers. Subsequent experiments 
were condiicted over a longer period and the average results of three 
tests are shown in figure 2. These data show greater activit}? than 
preceding tests over the 6-day period because some of the earlier tests 
gave unusually low proteotytic activity. Differences in variety, age, 
size, and other qualifications of the tuben may account for the occa- 
sional variation of activity noted in different experiments. It was 



Figure 1. — Liberation of tyrosine during the autolysis of normal and of abnor- 
mal potato tissue in the first set of exxierinients. 


found that the larger ^tddition of water, 2 cc per gram of fresh tissue, 
entailed a slightly greater hydrolysis per gram of dry matter. 

Idle data for a-amino nitrogen, as presented in figure 3, also show 
a significant increase of proteolysis in the discoloring tubers. How- 
ever, the differences are not as great as in the case of the tyrosine 
equivalents This relation is in agreement with the earlier evidence 
that tyrosine accuiimlates more than other amino acids in discoloring 
tubers and seems to be one of the first components released from pro- 
tein ( /, d). In spite of this difference in amino acid content of the 
tissue the isolated proteins appear to be identical in respect to the con- 
tent of nitrogen, tyrosine, and tryptophane. The proteins were ex- 
tracted with 5-percent sGlution of sodium chloride, reprecipitated 
several times with magnesium sulphate, and finally precipitated by 
alcohol. lYrosine aiid. tryptophane were cletermined by the method 
of ludin and Marenzi (4). Protein from normal potatoes contained 
13.95 percent nitrogen, 5.37 percent tyrosine, and 0,52 percent trypto- 
])lyane, while that from abnormal potatoes contained 13.90, 5.38, and 
0,o2 percent of the respective constituents. This content of tyrosine is 
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higher than any previously reported for tuberin. 8jollema and 
Einkes {H) reported 4.3 percent of this constituent. No report of 
the tryptophane content of tuberin has been found in the literature. 
Fiirth and Lieben (€) applied alkaline hydrolysis to the tuber tissue 
and reported 0.2 percent tryptophane in the dry matter which they 
computed as equivalent to 3.3 percent in the protein. The constancy 
of tyrosine and tryptophane content in these protein preparations 
suggests that either this molecular complex is stabilized by precipita- 
tion in the abnormal tuber extracts or that polypeptides are involved 
in the greater susceptibility of such tubers to proteolysis. In the 



Figitee 4. — Liberation of a-amiiio nitrogen in autolysates alone and in autoly- 
sates plus papain. 


writers’ earlier work {16^ p, 302) the isolated proteins differed in ease 
of alkaline hydrolysis. 

Wlien the enzyme concentration was increased by the addition of 
papain an acceleration in the rate of hydrolysis resulted in each type 
of digest. The results of a single experiment are given in figure 4, 
but these data were substantiated by two tests which gave similar, 
though more irregular, curA^es. the difference is generally 

rather small, the departures up to the twelfth day show somewhat 
greater acceleration by papain in the digests of abnormal tuber tissue. 
If there were inequality in enzyme activity of the two types of tissue, 
the addition of equal proportions of another enzyme should result in 
the suppression of differences in rates of autolysis. Relatively severe 
depletion of the substrate may have prevented more marked accelera- 
tion of proteolysis in abnormal tissue following the addition of en- 
zyme. The results thus seem to be indicatiA’-e of the presence of either 
easily hydrolyzed protein or lower polypeptides in discoloring pota- 
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toes. They do not preclude the possibility of difference in actirity of 
the native enzymes. 

A further matter of interest here is the relative positions at which 
the curves flatten. In the case of normal tubers, the curves of autoly- 
sis begin to level off about the seventh or eighth day (fig. I) , 'No 
such decline in rate of proteolysis was apparent in either the autoly- 
sates of abnormal tissue or the digests of normal tissue with papain. 
On the other hand, the curve for digest of abnormal tissue with 
papain (fig. 4) begins to flatten about the eleventh or twelfth day. 
Normally, one would expect the decline in rate of hydrolysis to occur 
first in the system in which hydrolysis is most rapid (abnormal tuber 
digests), as a more serious depletion of substrate would occur. It 
may be suggested that the more readily hydrolyzed substrate of dis- 
coloring potatoes could include polypeptides, a protein of low molecu- 
lar weight, or an unstable form of a larger protein structure. When 
protein was added, to the digests, proteolysis still proceeded at a some- 
what greater rate in tissue from discoloring tubers, but the spread in 
activity was lessened. This effect offers limited evidence that the 
enzymes of the two tuber types are equally active on the added pro- 
tein. In, general, the results support earlier evidence p. S02y of 
instability of the protein,! as well as the concept of lower polypeptides, 
in the abnormal tubers. 

It proved infeasible to add cyanide for the activation of protease 
because this ion interfered with the determination of tyrosine and 
tryptophane. The addition of sodium chloride for its possible sol- 
vent effect upon protein did not affect the rate of hydrolysis appre- 
ciably. An increase in the potassium concentration of digests oi dis- 
coloring potatoes, making this factor essentially equal to that of nor- 
mal ones by the addition of potassium chloride, did not decrease the 
rate of hydrolysis. The possibility is recognized that other sources 
of this metal might influence the rate of hydrolysis. 

Consideration of the data for a-amino nitrogen shows that the dif- 
ferences were significant and not merely magnified by the method of 
expression as milligrams per 100 g of dry matter. Expressed as cubic 
centimeters of N/70 sodium hydroxide, the titration of 5 cc normal 
digest increased from 0.6 after 1 day to 3.6 after 14 days, while the 
discoloring digests showed increases over these levels of 50 and 36 per- 
cent, respectively. The addition of the doubled proportion of water 
(2 cc per gram) increased the release of amino nitrogen by about 50 
percent but left the spread between samples undisturbed. Duplicate 
titrations generally agreed within 0.1 cc. 

The liberation of more than 200 mg of a-amino nitrogen per 100 g 
of dry matter, as observed in the present work, represents a consider- 
able hydrolysis of protein. This is evident from the fact that there 
is about 5 percent of true protein in the dry matter of potato tubers, 
Avhich is equivalent to about 800 mg of total nitrogen in 100 g of dry 
•matter.,, 

During the course of this investigation, data wei’e accumulated on 
the content of a-amino nitrogen and of tyrosine equivalent in the tuber 
extract as prepared. By tyrosine equivalent is meant the entire re- 
acting capacity of the extract obtained, when sodium carbonate is 
added before the phenol reagent in the usual manner. Calculated on 
the basis of the total dry matter, normal tubers contained 0.35 percent 
of a-amino nitrogen and 0.43 percent of tyrosine equivalent. Discot- 
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oring- tubers were 28.6 percent and 39.5 percent higher in content of 
these respective coirstituents. These ditferences are much greSer than 
hose reported pS p. m) \ but in the earlier tZimtn 

the tubers had not been indexed for discoloration after cookinc Fin 
(hermore a different type of extract was used here, namely stn acid- 
ulated with trichloroacetic acid, whereas in the earlier work’ alcdiol to 
give about 60 percent concentration was employed. ^ alcohol to 

SUMMARY 

Reasons are given for considering abnormal enzymic activitv a 
possible cause for the blackening of potatoes after ‘cooking ^ 
Procedures are described for the investigation of autolysis in notato 
tubei tissue, and modified methods for the determination of -a-aminn 
iiiteogeii and of a tyrosine equivalent are given. 

JJiscoloring tubers show a considerable increase of the tvro^ina 
equiv alent during autolysis as compared with normal tubers The lat 
tei release over 25 percent of their protein or peptide nitroSn ns 
a-amino nitrogen under favorable conditions for aStSyS but there I 
an appreciable increase of this function in discolmhig ffirs 
Proteins prepared by salting out from the saps of normal anrl fUc 
coloimg potatoes eontaiiietl equal amounts oVffi ty?o°iM and It™ 

XSyTJPSl"”'* dilL°TorvSS 

amino acicS mtUy^JsSe V 

s>p“?ott2^ 
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MORPHOLOGY OF THE DIGESTIVE TRACT OF THE 
BLACKFLY (SIMULIUM NIGROPARVUM) ^ 

By James A. Cox 

Assistant entomologist^ Virginia Agricvltural Ejcperimenl Sialion 

INTRODUCTION 

Comparatively little information exists in the literature relative 
to the internal anatomy of the family Simuliidae. Hungerford (5)^ 
has figured and described the internal anatomy of SimuUum mttatum 
Zett., and Smart {11) in a recent paper has described the internal 
anatomy of S. ornatum Mg. 

In recent years it has been found that certain species of blackfiies 
transmit disease-producing organisms. Blacldock {1, 2) has demon- 
strated that simvlium damnosum Theob. is an intermediate host of a 
filarial worm Onchocerca volvulus Leuckart, which causes a disease of 
man. O’Roke (10) has shown that a blood protozoon of ducks, 
Leucocytozoon anatis Wickware, passes the sexual stage of its life 
cycle in SimuUum venustum Say and that the organism is transmitted 
by the bite of the fly. 

During the past 2 years the blackfly SimuUum 7higroparmm Twiim 
has been found feeding on turkeys in southwestera Virginia, and 
Johnson and Underliill (8) have shown that this fly is responsible 
for the transmission of a blood protozoon disease of turkeys. In 
view of the recent discovery that S. nigroparmm is an important 
vector of this blood protozoon of turkeys, the writer felt that a 
detailed study of the internal anatomy of the fly would be of service 
in studying the life history of the protozoon. Specimens of S, nigro- 
parvum were readily accessible, and a detailed stud}^ was made of 
the internal morphology of this fly. Since only the females feed on 
turkeys and the males are unimportant as possible vectors, the 
digestive tract of the female only is described. 

TECHNIQUE 

Dissections were made on freshly killed specimens. For sectioning, 
the material was fixed in Bonin’s fluid. All material was dehydrated 
with ethyl alcohol and cleared in terpineol. Hemalum and Delafield’s 
haematoxylin were used for nuclear stains, and fast green and eosin 
for counter stains. 

GROSS ANATOMY 

The fore intestine (stomodaeum) is represented by the oesophagus 
and its diverticulum, the crop with its duct, and part of the cardiac 
valve. The mid intestine (mesenteron or ventriculus) is a simple 
tube, the anterior portion of which is narrow and the posterior portion 

1 Received for publication January 8, 1938; issued September 1938. 

2 Italic numbers in parentheses refer to Literature Cited, p. 447. 
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of whicli IS expanded and is capable of considerable distention 
hind intestine (proctodaeum) comprises the distal intestine tb! 
Malpighian tubules, the rectal pouch and glands, and the rectum 

MOUTH PARTS AND SUCKING APPARATUS 

The mouth parts of several species of blood-sucking Nematocera 
have been figured ^d described by several workers, ^among whom 
"“y Dimmock 4), Kellogg (5), Emery {5), Cameron 

(5), Joblmg (7), and Smart {11). The mouth parts of Simulium 
are the piercmg sucking type and are quite similar^ 
those described by Cameron (5) for S. simile Mai. and bv Smart CC 
for S. ornatum. Observations made on living females "of S' marr 
parvum have demonstrated that the mode of biting is quite 'similar 
to that ol CuliGoides pulicaris L. as described by Jobling (7). 

The mouth parts and biting apparatus are shown in plate 1 Tn 
general character the mouth parts are short and broad. The labrnm 
epipharynx (pi. 1, ^ is a broad triangular structure which is kent 
rigid by three rodlike sclerotizations. At the tip of the kbruim 
ep^haryiix are two sclerotized trifid structures. 

^ The hypopharynx (pi 1 A) is a long narrow sclerotized rodlike 
stracture the tip of which is armed with bristles. The salivary duct 
enters the proxmial portion of the hypophaiynx and is carried aloiS 
the cephalic surface to the distal end. ^ 

The basipharynx is a flattened channel formed by the union of the 
hypopharynx and epipharynx. The labium (pi. 1, B) is short and 
appears to consist of two separate parts but 
miri T. are fused at the base. The large, fme labella curve 
lound and forward, and when the insect is biting surround the other 
mouth parts. The proximal parts of the labella are rigidly sclerotized 
^rface^^ distal portions are soft and bear numerous setae on the 

nbTrvnf the outer margins of the labrum and hypo- 

wbtph^a'flTi anterior face of 

which IS flattened and is armed with teeth around its margin (pi. 1, 

■li maxillary palps consist of five segments and are covered 

are wHchirnmff W®’ segment bears a depressed saclike 

are which is piobably a sensory vesicle (p. 1, (7). 

are short, thin, swordlike structures fitted for 
piercing and are armed with teeth on their anterior margins (pi. 1, 
S'th the blade of each mandible from thi marginai 

dear c^vs^tSff ^t™tmns. In the center of each mandible is a 
?eafVr ^^^ The mandibles are so shaped that, for the 

lAarynx^^ ^ overlap between the labrum and the hypo- 

the sucking apparatus of Diptera is 
iiIa of orthopteroid insects and therefore would be called 

i^^tofheZmn^isri “^®«th aperture leSing 

thAonenCum ^ ^he true mouth occurs at 

cibarml stomodaeum at the inner end of the pump. The 

conSs f}dropanum is triangular in section and 

tfzed ^ sclerotized plate and two ventrolateral sclero- 

platesdpl 2 ' operated by muscles inserted on the 
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PLATE 1 




Mouth parts of Simulium nigroparvum: -4, Hypopharynx, hasipharynx, and cibarial pump; B, labium 
C, maxillary palp; B, mandible; E, maxilla; F, labrum epipharynx; bph, Basipharynx; hyp, hypopharynx 
cp, cibarial pump; a/d, salivary duct. 
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Plate 2 



-e/j//// 




reeg/ 


cmf/s- 


tuWes; Bf loSudhial^seSfln^Srough Malpighian 

pump; D, cross section through anterior oortim through basipharynx and 

eireular muscle; crd, crop dS cromn- Sland. bph, Basi- 

lualpighian tubule; mws rauscle-^c® intestine; gpzY%, epithelium; Api/, 

T£c, rectum^ tbcqI^ rectal gland* tEc'n rAofoi n/^tirtVY * cibarial pump; o£s, oesophagus* cclt cardifl* 

^Uyr, salivary syringe:%rsTriatSa?^or^S^V^^^ ZSeSu/'^’ 
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SALIVARY GLANDS 

The salivary glands, which are paired, lie in the anterior part of 
the thorax dorsad to the digestive tract. Each salivary gland is in 
the form of a U and is composed of two parts, viz, the anterior secre- 
tory part and the round saclike reservoir (pi. 2, E). A duct comes off 
from the reservoir of each gland. The two ducts from the salivary 
glands pass down, one on each side of the intestine, and unite beneath 
the oesophagus. The common duct leading from the point of junc- 
tion expands to form the salivary syringe (pi. 2, 0). From the salivar}^ 
syringe the duct narrows and passes to the hypopharynx. 

STOMODAEUM 

The oesophagus, which is continuous with the cibarial pump, is a 
short, narrow tube that extends posteriorly between the head ganglia 
through the cervix, and joins the cardia of the ventriculus in the 
anterior part of the thorax. Within the thorax anterior to the cardia 
is the evaginated crop duct com.ing off the ventral side of the oesopha- 
gus and extending caudad beneath the ventriculus into the abdomen. 
Here it enlarges into an oblong thin-walled sac. The crop is capable of 
considerable distension and occupies most of the anterior part of the 
abdominal cavity of flies wliich have fed on sweetened water. How- 
ever, no blood was found in the crop of flies wliich had fed on turkeys. 
The cardiac valve (pi. 2, B) marks the junction of the fore and mid 
intestine. 

MESENTERON 

The mid intestine, or ventriculus, is a straight tube of varying 
diameter. The anterior part is narrow and tubelike and extends along 
tlie median line of the body to the abdomen where it expands over the 
crop, the degree of expansion depending on the amount of blood the fly 
lias consumed. Tlie mid intestine is marked at its anterior end by the 
cardiac valve and at the posterior end by the pyloric valve. Tlie 
posterior portion of the mid intestine narrows slightly where it joins 
the hind intestine. 

PROCTODAEUM 

The hind intestine is marked anteriorly by the pyloric valve and 
posteriorly by the rectum. At the point of junction of the mid and 
the hind intestine four Malpighian tubules arise, one pair on each side 
of the intestine. They are of considerable length and follow an irreg- 
ular course through the abdominal cavity. 

The anterior part of the hind intestine is a slightly tapering tube 
wliich may or may not be curved, depending on the development of 
the ovaries. This is known as the distal intestine. The posterior 
part of the hind intestine forms a flask-shaped sac called the rectal 
pouch, which contains six rectal glands. The rectal glands are ai- 
ranged in a circle around the opening of the distal intestine and are 
visible through the thin walls of the rectal pouch. 

The rectum is a short tube which extends from the rectal pouch to 
the anus. 
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HISTOLOGY OF THE ALIMENTARY TRACT 

MOUTH PARTS AND BITING APPARATUS 

Tlie moiitli parts, being true appendages of the head, have the same 
structure as the body wall. The cliitinous lining of the food channel 
is heavy and rigid. It is overlain by a very thin layer of epithelium; 
and bands of muscles extend from the body wall to the labrum-epi- 
phaiynx and the labium-hypopharynx. 

The walls of the basipharynx are heavy, chitinous structures overlain 
by a thin layer of epithelium. Muscle bands are attached to its 
anterior face. 

SALIVAl^Y GLANDS 

The salivary glands are tubular and are composed of a single layer 
of cells whose bases rest on the basement membrane. The elongated 
secretory portion of each gland is composed of large cuboidal cells and 
the reservoir part is made up of small flattened cells (pL 3, D). From 
the reservoir part of each gland a . slender duct arises, which unites 
with that of the other gland to form the common salivary duct. A 
short distance from the point of junction, the duct expands to form 
the salivary syringe, whose walls are strengthened by riblike sclerotiza- 
tions (pi. 2, (7). The 'walls of the salivary duct are composed of a 
chitinous intima and a very thin layer of epithehum. No muscle 
layer was found on either the glands or the duct. 

STOMODAEUM 

The oesophagus and its diverticulum, the crop, are true stomodeal 
structures and show a similar histological structure. The chitinous 
intima is so tliin that it cannot be detected in most sections. Also, a 
thin layer of epithelium is found in all parts and is composed of flat- 
tened cells joined at their bases to a basement membrane. Covering 
the epithelium is a layer of circular muscle fibers. In the crop both 
the epithelial and the muscle layer are extremely thin. 

The oesophagus extends well into the ventriculus and is represented 
by a single layer of epithelial cells. The inability to distinguish a 
chitinous intima makes the determination of the limits of the fore 
intestine difficult. It is also difficult to determine the ectodermal 
from the endodermal tissue in sections through the cardiac valve. 

MESENTERON 

The mid intestine, or ventriculus, differs from the fore and the hind 
intestine in histological structure. The inner and most conspicuous 
layer of the stomach is that of the epithelium, the bases of whose 
cells rest on the ^sement naemhrane (pi. 2, D), Following the base- 
ment membrane is a very thin layer of circular muscles and over these 
ax'e scattered longitudinal muscles. The cells of the epithelium are 
columnar (pi, 3, G) and are sometimes thrown into irregular folds. 
The epithelium of the posterior j>art of the stomach is variable in 
thickness and, when the gut is distended with food, is only about 
one-third the thickness of the normal epithelium (pi. 3, (7). The 
epithelial cells in all parts of the mid intestine show a striated inner 
margin. 

The epithelium of the mid intestine functions in the secretion of 
digestive fluids. The secretion is merocrine inasmuch as the entire 
cell does not burst. Sections taken through the stomach of an imfed 
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PLATE 3 






C G 

Simulium mgroparvum: A, Longitudinal section through a portion of the distal intestine and one rectal 
gland; B, longitudinal section through pyloric region; C longitudinal section through the ventriculus of 
an engorged fly showing reduced epithelium; D, longitudinal section through salivary gland; E, cross 
section through Malpighian tubule; F, longitudinal section through ventriculus of an unfed fly; G, 
longitudinal section through ventriculus showing cuboid epithelium. cmuSf Circular muscle; dint, distal 
intestine; epith, epithelium; imus, longitudinal muscle; mtub, malpighian tubule; recgl, rectal gland; 
recp, rectal pouch; res, reservoir; sec, secretion; seep, secretory part; sld, salivary duct; st, striated margin 
of cell; ir, tracheal branch; ventriculus. 
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fly show a very active secretion taking place (pL 3, F), The inner end 
of the cells bud off and there is no rupturing of the cell wall. During 
the process of secretion the epithelial cells do not show the striated 
border. 

PROCTODAEUM 

The hind intestine is marked anteriorly by the pyloric valve. This 
valve is formed by a ring of epithelial cells at the end of the mid 
intestine. These cells, unlike those found in the stomach, have no 
striated border. The lip of the valve^ encircles the intestine just 
anterior to the opening of the Malpighian tubules (pi. . 3, B). The 
cells of the Malpighian tubules are of the characteristic cuboidal shape 
and are continuous with the epithelium of the hind intestine. A short 
distance from the point of attachment, the cells of the Malpighian 
tubules are narrow and elongated with conspicuous nuclei. Their 
inner margins are distinctly striated (pi. 3, S'). 

The epithelium of the distal intestine consists of flattened cells, 
which ai^e raised into folds in the posterior part. Covering the epithe- 
lium is a layer of circular muscles which forms a continuous layer at 
the posterior end. As in the fore intestine, the intima in the distal 
intestine is too thin to be readily demonstrated. 

The walls of the rectal pouch are extremely thin and the epithelium 
is greatly reduced except where it forms the rectal glands. Both 
muscle layers are very thin and the rectal glands are readily visible 
tlirough the walls of the rectal pouch. The rec tab glands (pi. 3, A) 
are composed of large cells with prominent nuclei. The lumen of 
each gland is occupied by a tracheal branch. The chitmous intima is 
very thin and not easily demonstrated in the rectal pouch. 

The posterior end of the rectal pouch narrows abruptly to form the 
rectum. Here both muscle layers as well as the epithelium are well 
developed and the chitinous intima lining the rectum can easily be 
detected. 
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SEASONAL VARIATIONS IN THE CARBOHYDRATE AND 
NITROGEN CONTENT OF ROOTS OF BEARING PECAN 
TREES ' 

C. L. Smith, associate physiologist, and J. G. Waugh, assistant physiologist, 
Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture ^ 

INTRODUCTION 

In the pecan (Hicoria pecan (Marsh.) Britton), as in other peren- 
nial plants, the early growth of the tree in spring is deterniined largely 
by the food reserves that have accumulated during the previous 
growing season and are made available in spring. These food reserves 
play a part in developing resistance to cold during winter and are 
utilized for new shoot and root growth, initiation of pistillate flowers, 
production of catkins and pollen, and the initial development of the nut. 

Previous analyses of roots of top-worked pecan trees ^ indicated 
that there was considerable storage of food reserves in the roots and 
that a heavy nut crop materially affected the seasonal variation of 
the stored constituents.^ Since the pecan generally bears only in 
alternate years, and in view of the importance of food reserves in the 
growth, development, and fruiting performance of the tree, it seemed 
desirable to obtain some information on the proportionate seasonal 
accumulation of these food reserves in the roots of bearing pecan trees 
and the effect of a crop on their accumulation. 

REVIEW OF LITERATURE 

LeClerc du Sablon {12, v. 16Y analyzed the roots, stems, and leaves 
of various deciduous trees, including the chestnut, pear, and peach, 
for sucrose, starch, hemicellulose, and moisture. In general, he 
found that the total carbohydrate reserves in the roots pass through 
a maximum in autumn at the time of leaf fall, diminish a little in 
winter, and diminish greatly during growth in the spring. After 
growth has subsided and assimilation is at its height, reserve carbo- 
hydrates increase and attain their maximum again in autumn. The 
carbohydrate content of the roots was higher than that of the stems 
and showed more variation, indicating that the roots are more im- 
portant storage organs than the stems. The extensive variation of 
hemicellulose indicated that it may be an important reserve. The 
variation of sucrose was relatively slight, and LeClerc du Sablon 
concludes that sucrose is a less important reserve material than the 
form in which other carbohydrates become mobile and assimilable. 

Later LeClerc du Sablon {12, v, 18) worked with several evergreen 
trees. In all cases he found that the total carbohydrates in the roots 

» Received for publication December 28, 1937; issued September 1938. 

^ The writers wish to e.xpress their appreciation to L. D. Romberg for determining the dry matter and 
assisting in preserving samples during the progress of this investigation. 

3 Smith, C. L., Hamilton, J., Thor, C. J. B., and Romberg, L. D. effects of varying degrees of 

SEVERITY IN HEADING BACK LARGE PECAN TREES IN TOP-WORKING ON THEIR SUBSEQUENT ROOT COMPOSITION 
AND TOP DEVELOPMENT, [In manuscript.] 

Italic numbers in parentheses refer to Literature Cited, p. 459. 
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decreased durmg leaf formation and new shoot development and n. 
creased after this growth was completed, although the growth periods 
occ^ed at different times of the year. He also analyzed the stems 
roots, and leaves of the evergreen oak and Japanese spindle tree fo; 
nitrogen and found that m the roots it decreased in sprmg durinrn aw 
leaf formation, pa^ed through a minimum in summer, and increS 
toward wmter. He concluded that in spring nitrogen moves frorn 
the roots and stems to the newly formed leaves and, when erow^ 
ceases, contmues to be absorbed and is stored, thereby increasiT^^ 
El late summer and toward winter. ^ 

Butler et al. {£) analyzed (Merent parts of the apple tree and found 
that the reserves were stored chiefly as starch and sucrose, the roots 
^d . branches contammg relatively more starch than the trunk 
Davis (6) found that the roots and trunks of nonbearing Suo-ar nmt 
trees contamed much more starch than those of bearing trees^'and ^at 
the starcff concentration m the roots was much greater than in the 

trunks. He states that It IS reasonable to suppose that root growth is 

suppressed when the demand for carbohydrates above ground bewmes 
great, and suggests that fruit trees, which have a heavy annual c?5 
that reinams on the trees most of the summer, may experience ksS 
age of oarbohydrates for the roots. He also noted thlt SS wSZ" 
most yanable of the carbohydrates. Cameron (S), working with yom^ 
orange trees, noted a mmimim of starch in the roots in lugus/S 
a gradual mcrease to a inaxmum in early spring, and a gradual de- 
crease to a minimum ag^ m August. An inverse relation between 
starch and moisture was mdicated. For the greater part of the year 
the staich content m the roots was higher than in the leaves, branches’ 
or trunk, and the greatest starch fluctuation occurred in the root 
bark, Mumeek ( 10 ), mvestigating the carbohydrate stor^e o 

bearmg apple trees, noted the unusually high starch and sugar content 
of the roots m autumn. He concluded that the unde?JZd S o 
f Storage organs for carbohydrates, pnmarily 
f data mdicate that there is an increase in total sugars and 

a shght decrease m hemiceUulose, starch, and total carbohvdratp*; in 
the roots from early November to late December 

hemiceUulose as a reserve material has been 
of mvestigators working with parts of the tree 
other than the roots ScheUenberg (18), in a s5iZai|S Lch investi- 
gations, concludes that hemiceUulose serves as a reserve material and 
4*® ?®P°®d.ion enables the plant to survive the long rest periods (winter 

f®^ood at times. Tottingham et al 
andMumeek (f A IJ), working with apple spurs, nSfxtmme fluWuP 

oim oi carponydrate m the spur. Its accretion m the fruit reached a 
ma^um m imdsummer and then decreased rapidl^ thSs hSathiv 

H^4ct”c?D ’ founcTa? J^t^ of sugars for the Sesh of the applet 

xiooner ujj lound an extensive vanation in hemicellulocie in minle 

hlSerSd^Sa? a® a reserve mate?ml. 
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regions of the tree. They state that modifications induced by weatlior 
often are of greater amplitude than possible seasonal trends. 

Finch (7, 8) concluded that for best filling of pecan nuts in Arizona 
the vegetative growth of trees must be checked during the early 
summer to provide conditions for carbohydrate storage during the 
summer months. He found that starch was formed in the current- 
season shoots in summer but disappeared completely during the nut- 
filling period. This emphasizes the importance of an abundant 
supply of carbohydrates for conversion to fats in nut filling. 

Finch and Van Horn {9) found that starch storage m bearing pecan 
shoots reached a maximum shortly before nut filling began, and then 
decreased; whereas a comparable decrease did not occur in vegetative 
nonfraiting shoots. In the latter starch continued to accumulate, 
reaching a maximum in early fall. These authors conclude that the 
starch from the fruiting shoots is used in nut filling. Thor and Smitli 
(20) have shown that most of the oil in pecan kernels is formed within 
a period of 4 to 6 weeks and that most of the carbohydrate material for 
its formation must be brought in from outside the nut during this 
period. 

The maintenance of healthy foliage on the fruit tree has been 
emphasized by Heinicke and Hoffman (10) and other workers. Sitton 
(19) ringed bearing shoots of the pecan in early August after the shells 
of the nuts had begun to harden, but before any considerable filling 
had taken place, and noted that the best filling was obtained in nuts 
on shoots that bore the largest number of leaves per nut. Crane et al. 
(o) conclude that the almost universal tendency of pecan trees to bear 
more or less irregular crops from year to year cannot be called either 
biennial or alternate bearing and that without doubt the controlling 
factors are the nutritional condition and previous performance of the 
tree. Their data indicate that nut tlimning may be expected to increase 
the annual yield per tree by maintaining a more nearly optimum nutri- 
tional condition in the tree at all times. Smith et al.,^ in studies on 
top-working pecan trees, note the value of the leaf area in the function- 
ing of the tree. Chemical analyses of the roots showed that with 
severe heading the balance of the carbohydrate reserves in the tree is 
disturbed to a greater degree than in trees with less severe topping. 
As the top is rebuilt the amount of these materials and their functions 
become more nearly like those of the normal tree. Crane and Hardy 
(4) have shown that cultural treatments, such as pruning or apphcations 
of nitrogen, wliich stimulate shoot growth with subsequent increase in 
leaf area, are of great importance in determining the ultimate size of 
pecan nuts and the degree to which they are filled. 

MATERIALS AND METHODS 

Since the pecan is frequently an alternate bearer, the progress of 
this investigation was facilitated by the use of trees in an alternate 
bearing condition during “off’^ and “on” years. During the first 
season of the experiment there was no nut crop; in the second season 
the crop was large; in the third season the crop was very small. 

Seventy-five healthy seedling trees about 46 years old, growing in 
a cultivated river-bottom field about 16 miles from Austin, Tex., 


s Smith, C. L., Hamilton, !., Thor, C. J. B., and Rombrro, L. I>. See footnote 3 
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were selected and divided into 15 comparable groups of 5 trecci 
The average diameter of the trees was about 25 inches Pomn ^ ’ 
root_ samples for chemical analysis were taken from these orSmfJn 
lotation in time mteryals ranging from 2 weeks to 
month. Owing to the deoth^of the S 

htention of ownerdnp of the property, it nSaiy to SnS 
the mvestigations from October 1935 to Auo-ust iQ-rn a ^ ® 

marized description of the condition of the trels du^hig the^comTe 
of the 3 years is given m the last column of table 1 (p. 457). 

SAMPLING METHODS 

Sampleaof lateral roots with diameters ranging* from throA AiVLfi 
to one-half inch were taken, brought immediftSy to TbXZ^^^^^^^^ 

Hpf V®’ thoroughly. Samples to be drLd S 

kiUed by placing them in an oven at 100° C. for 1 to 2 hours Ind w!r! 

fo"Tlt “Tt T’ 0" ‘ bia kel“t 

in the d«ritomlil'”l,o“Lmp™ VetoTeTfor^^^^^^^ “nlyeto"*' 

ANALYTICAL METHODS 

Whenever the nature of the material permitted the official mAiPnrio 
of the Aesocmtron of Official Agricnltnra'l Chcmisto (5) 

Dry Matter 

Total Organic Nitrogen 

;S=~S=i!~rrf‘= 

for the use ofcov7er%f l. t^^^'^.^ “‘^thod except 

portions of toe TS material 

of the sample at 100° C for 1 to 2 hnuT-a i pielimmary drying 

Schulz (iS) to have littlf mkh and 

of plant tissu^ “ ® total nitrogen content 

Sugars ... . ' 

extractors with^80-pereent^Scohol''fln^^ transferred to large Soxhlet 

on a water bath ke?t T qV 24 hours 

tilled almost to dryness in vacnn h alcohol extract was dis- 
The residne was tlen np^uKat.'S^S"!! tjZi 
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lead acetate to clear the solution, and made up to a Yolmiie of 250 
ml. The lead acetate solution used for clearing was made up of 
500 g of basic lead acetate in 1 liter of solution. The cleared filtrate 
was deleaded with anhydrous disodium phosphate. 

The Munson-Walker method was used for the determination of 
sugars in aliquots of the lead-free filtrate. Eeduced copper was 
determined by the volumetric permanganate method. For total 
sugars, inversion was accomplished by means of acid at room tem- 
perature as directed in oflBcial methods (i, 187, [BSc]). Keducing- 

sugar values were calculated as invert sugar and nonreducing sugars 
as sucrose. 

Starch by Diastase 

The alcohol-insoluble residues w^ere transferred to tared aluminum 
cans, dried in an air oven at C., and weighed. After being 
ground in a drug mill the material was stored in aluminum cans in a 
desiccator until ready for analysis. 

The official method for determination of starch in feeding stuffs by 
diastase with subsequent acid hydrolysis (f, 2^* 1^0, [28]) was used 
with the exception that a 0.5-percent solution of taka diastase was 
substituted for the malt extract. Preliminary extractions with cold 
water were eliminated since sugars had already been extracted witli 
alcohoL 

Starch by Direct Acid Hydrolysis 

Alcohol-insoluble residues were used as in the diastase method. 
The official methods (i, p. 119, [21]) were used. As before, no 
preliminary extractions with cold water were necessary. 

Those carbohydrates that are not hydrolyzed by the taka-diastase 
method for starch determination, but are hydrolyzed in the direct 
acid hydrolysis method, are designated as hemicelluloses. The 
hemicellulose values were obtained by subtracting the starch by 
taka-diastase values from the corresponding values for starch by 
direct acid hydrolysis. 

EXPERIMENTAL DATA 

Since no investigations were made on the variability of the con- 
stituents in comparable samples obtained at the same time, no par- 
ticular emphasis can be attached to the analytical data for any indi- 
vidual sample, and the results must be viewed from the standpoint 
of trends. The analytical data are presented in figure 1. 

DRY MATTER 

The percentage of dry matter in the roots was higher in the summer 
and fall of 1934 than at any other time during the experiment. This 
was probably due to a deficiency of soil moisture during an extreme 
drought which lasted until November. After the drought was broken 
by rains the percentage of dry matter in the roots decreased rapidly 
until about January 1935. Between January and September there was 
only a slight decrease in dry matter, but from the middle of September 
to the latter part of October there was a considerable decrease. From 
August 1936 to February 1937 the dry matter fluctuated considerably 
between sampling dates, but showed no consistent increase or decrease. 
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1934 

Year and month: (inches) 

January _ 7 43 

February 1 .'!!!:: 5.' oi 

March 2 37 

May - — .90 

.32 

July. .39 

August 24 

September_„„ r.IIIII 2* 61 

October»„.,___^ 32 

November-- 3.40 

December ^ ~ I ~ ~ 4] 59 

1935 

January........ . gg 

i ebruary.. _ g. 96 

March ..... 120 
April..... 2. 08 
May........ ............ .._ 9_ 31 

June........... 9.71 

July.......... i_44j 

This 


1935 — Continued 

Year and month — Continued, finches) 

August 24 

September-- o* 

October I i’ ap: 

November -.IZIIZZZ 85 

December- „ _ . - ~ 1 1 1 Z I ' 2* 84 

1936 

January q. 39 

February--- 

March---„ h70 

April— -_„„ZZZZZZZZZZZZZZZ ‘66 

Au^st — %ll 

feeptember 5 22 

October.- — 2 63 

November ^--ZZZ_ZZ ~ 2*30 

December -----__ZZZZZZ~ l' 88 

1937 

January— 2 . 43 
February- .12 


supply the roots had an abundant moisture 

moistSe dSic™ ^ ’'“‘‘out 


was 


a 
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SUGARS 

The concentration of reducing sugars was very low throughout the 
experiment and showed no consistent seasonal variations. The non- 
reducing sugars were present in appreciable quantities and fluctuated 
as starch did below but to a lesser extent. The highest concentration 
occurred in the late summer and fall of 1934. There was a decrease 
during the winter and spring, due in part to the decrease in dry matter. 
From May 13 to July 6 there was an appreciable increase in the non- 
reducing sugars, after which their concentration remained practically 
constant until October 25. On August 6, 1936, the concentration of 
these sugars was at the same level as in October 1935, but it increased 
considerably during August and then remained practically constant 
1 until November 18. Between the latter date and February 16, 1937, 
there was a material decrease similar to that in the winter of 1934-35. 

STARCH 

f The concentration of starch increased slightly from August to De- 

cember 1934, decreased rapidly to January 1935, and then decreased 
more slowly to June 7 . There was no nut crop on the trees in 1 934, and 
the increase in starch content of the roots was probably due to the 
photosynthetic activity of the leaves and translocation of carbohy- 
drates to the roots where they were stored as starch. This seems to be 
further mdicated by the comparatively high concentration of non- 
reducing sugars present in the roots during this period. From Decem- 
ber 1934, after most of the leaves had fallen or had become inactive 
from frost, there was a rapid decrease in concentration of starch to 
January 1935. A decrease in carbohydrates in roots after leaf fall has 
been noted by other investigators {12, 15) and indicates a transloca- 
tion of these substances to the aerial portions of the tree. From 
January 7 to March 22 the starch showed only slight changes except 
for one low value on March 8. After March 22 the starch decreased 
rapidly, reaching a minimum on June 7. During the latter period the 
initiation of growth took place, shoots and leaves developed, the trees 
blossomed, and the development of the nuts was begun. All these 
processes create heavy demands upon the tree for carbohydrates. 
The leaves during most of this period are immature and small, and their 
total photosynthetic activity is very low and therefore inadequate to 
supply the necessary carbohydrates for the rapid growth and fruiting 
activities. It is interesting to note that the concentration of the 
* hemicellulose remained practically constant during this period not- 

withstanding the fact that from December 10 to February 23 it 
decreased in about the same proportion as starch. 

From June 7 to August 20, 1935, there was a considerable increase in 
^ the starch. During this period the shucks and shells of the nuts were 

being developed, but other vegetative growth was probably nearly 
completed for the season. The leaves were probably at their most 
efficient stage for photosynthesis and therefore were able to produce a 
greater amount of carbohydrates than was required for tree activities, 
some of the surplus being stored in the roots as starch. 

From August 20 to October 25, 1935, the starch content of the roots 
decreased slightly. About September 1 the period of nut filling begins 
and the demand for carbohydrates during this period has been shown 
(^0). This is especially true when the trees are 
carrying a large crop of nuts, as was the case here. Both starch and 
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liemicellulose concentrations decreased during the nut-filUng neriorl 
from September 1 to the latter part of October. A part of this decrease 
was due to a decrease m the dry matter of the roots but 
s^w that both starch and hemiceUulose decreased in gTeater propo/ 
tion than the dry matter. Thus it seems probable that some^oUhe 
hemiceUulose as wel as the starch was utUized in the nut-Sw 
process. No doubt the photosynthetic activity of the leaves was bSp 
durmg the nut-fil mg period, but with a heavy crop of lute on tS 
trees the demand for carbohydrates for oil formation was greater than 
treitSe^us^e?®'^ pUotosynthesis, and some of the reserves in the 

After the 9-month interval from October 26, 1935, to August 6 193fi 
^e^e taken, the starch concentration shoS 
a slight inciease, which may be accounted for by the increase in the 
percentage of dry matter during this period. However the s?arcb 
concentration was still not so high in proportion to the dry matter S 
1 ®t®^rch fluctuated considerably during the fall of 
1936 but showed no consistent increase. On February 16, 1937, when 
the last samples were taken, the starch was low, amounting to 1 26 
^ weight. The nut crop was small in 1936 and there- 
loie made much less demand for carbohydrates for nut filHng than the 
arge crop of 1935 but the starch content of the roots rthVaverage 
was only shghtly higher than for the corresponding period in 1935 
Conditions weie very favorable for vegetative growth in 1936 how' 
ever, and the starch was probably utiUzed for this purpose. ’ 

HEMICELLULOSE 

The percentage of hemiceUulose was at its highest level in the 

proportional to that of the drv matter^rom 
August 1934 to January 1935. From January to October howeve? 
the percentage of hemiceUulose shows a greater proportion^ decrease 
than he percentage of dry matter. Thil indicaLXartrere was an 

onlv a mrrn/il“ amount of hemiceUulose in the roots and that 
part of the variation m its concentration was due to changes in 

t'r bloomed hrarf“rtS 

sMe of ®f<>P of nuts. Therefore it is pos- 

frwi fiir the hemiceUulose was utilized in the develonment 

and fillmg of the nuts. From October 1935 to August S tES- 
centage of hemiceUulose had increased a little but not in pronortion 
raarv%'937XT ^'rom the latter part of 1936 to Feb^ 

tilfs perLd it gradually, but at the end of 

than in thi fall of ^at Jower in proportion to dry matter 

" nitrogen 

The^ percentage of total organic nitrogen decreased sho-btlv ymm 

mSer .decrease_ in the concentration of dry 

from Januarv 7 to nitrogen concentration 

ture\ld probaMT ‘bus soil mois- 

mtrogm. factors were optimum for the absorption of 
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Table 1 . — Seasonal variation in total organic nitrogen in 'pecan roots and growth and 

fruiting condition of trees 


Growth and fruiting conditions 


( Foliage on all trees apparently fully mature and in healLliy condition. 
No apparent extension of shoot growth. No nut crop on trees. 


About 3 percent of leaves have dropped. 

Trees have lost about 40 percent of foliage and owing to frost leaves are 
turning yellow and dropping rapidly. 


Defoliation complete. 


•Trees dormant. 


Buds bursting into growth on a few trees. 

Most trees well into growth and a few almost in full leaf. Heavy pistil- 
late bloom. 

Pollen shedding very active. 

Shoot growth well under way and active. 

Shoot growth nearly complete. Large crop of nuts set. 

Shoot growth complete and foliage mature. 

Nuts in “watery” stage. 

Nuts in “dough” stage. 

Nuts beginning to ripen. 

Nuts mature and dropping from trees. Foliage dropping rapidly. 


Foliage full grown and in good condition. Extension of shoot growth 
• apparently continuing through most of this period. Nut crop very 
small. 


Nuts ripening. 

Leaves beginning to fall. Nuts fully mature and dropped. 
Trees almost completely defoliated. 


Trees dormant. 


I Percentage based on fresh weight. 

From April 15 to May 13, 1935, the nitrogen decreased to about its 
1934 level, after wliich it remained practically constant for the 
remainder of the experiment, except that it had increased appreciably 
between November 18, 1936, and February 16, 1937. 

The decrease in nitrogen in April and the first part of May may be 
ascribed to the intensive vegetative activity of the trees at tins time. 
The initiation of shoot growth and the development of blossoms took 
place during tins period and consequently created a heavy demand for 
nitrogen. Conditions were no doubt favora-ble for the absorption of 
nitrogen at tins time, but the demand was probably greater than could 
be supplied by root absorption, and some of the reserve nitrogen from 
the tissues was used in the growth functions. After the intensive 
vegetative activity of the tree was over there was a large crop of nuts 
to be developed and filled; therefore the nitrogen did not increase 
again during that season. In the fall of 1936 the nut crop was light, 
but conditions for vegetative growth of the trees were more favorable 
than in 1935 and the growth extended later into the season, so that all 
the nitrogen absorbed was required in growth processes. After the 
growth season was over the nitrogen increased appreciably during the 
winter. In 1934 the low level of nitrogen in the roots may have been 
due to the extremely dry weather, which created unf avorable conditions 
for absorption of nitrogen by the roots. 


Sample 

No. 

Sam- 

pling 

date 

Total 

organic 

nitrogen 


193/^ 

Percent i 

1 

Aug. 27 

0. 38 


Sei)t. 10 

. 39 

I,...,....-- 

Oct. 2 

.26 

4 

Oct. If! 

.31 


Oct. 30 

.20 

fL. 

Nov. 12 

.34 


Nov. 27 

.30 

S... — 

Dec. 10 

.32 

9 

Dec. 26 

1935 

.33 

.32 

30 

10 

Jan. 7 

u 

Jan. 23 

. 35 
.40 
.40 
.45 
.52 

13 

Feb. 8 

1.5 

Feb. 23 

17 

Mar. 8 

19 - 

Mar. 22 

21 — - 

Apr. 5 

22 

Apr. 24 

.42 
.34 
. 35 
.27 
.32 
.33 

23 

May 13 

24. 

June 7 

25 

July 6 

07 

Aug. 20 

29 

Sept. 12 

31 

Sept. 30 

. 0 # 
.33 

32 

Oct. 25 


me 

.33 

.31 

.34 

.34 

.32 

.37 

.32 

35 

Aug. 6 

3fi 

Aug. 20 

37 

Sept. 9 

38 

Oet. 1 

39.. 

Oct. 13 

40 

Nov. 6 

41.. 

Nov. 18 

1937 

42 

Feb. 10 

.40 
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DISCUSSION 

Starch was most variable constituent determined in the roots nf 
pecan trees. _ The data mdicate that it increases from early summer to 
a maxunum m late fall and decreases to the summer mmimum hut 
the levels of the ma.xima and nunima seem to be determined bv thJ 
growth and fruitmg conditions during the time. Both growth and 
fimtmg m the pecan are exhaustive processes, as has been founder 
other trees by Murneek {1^, Davis (d), and other investigators The 

inTlJ maximum concentration 

m tlie fall of 1934, when there was no nut crop, and the ves-etativA 
growth was at a standstill owing to a severe drought With thA 
intensive spnng growth and blossoming of the trees in 1935 the star?h 
decreased to a very low level md did Set increase duriig th?™S 
and fall because of tl^ great demand for carbohydrates in filling the 

a decrease in the hemicellulose 
content of the roots dunng the nut-filling period. This indicates that 
both starch and henucellulose may function as carbohydrate reserves 

dolp rsSfflcienil^af' 

® the followmg war. However, on the latter date the 
staich concentration was stdl relatively low and did not increase 
matenally durmg the autumn notwithstanding the fact that the nut 
crop was very small Conditions were veiy fivorable for Sgeta5ve 
growth throughout the season, and the failure of the starch to licrease 
m the autumn can be explained onlv on the assum^tfn; 
powth contmued throughout the fall, thereby utihzing the carbo^ 

low concentration, whereas in the fall of 1934 the starch reached a 

S??ri935 ^ Tr ^ lieavy bloom in the 

sprmg 01 1935^. Wnetber the lack of reserve carbohvdrHfpq inrU* 

fs^mft k’ the small bloom in the 2 later years 

this same condition has been found in other toees 

&itill"thTS:tXot T" m^rectly concerned Sh 

f fruiting is a very JxhaSvrproS 

imnrect Davis { 6 } found that the starch content of roots of non 

hi “Ss^rnid Schide^lhT tlian that of roots of bear- 

fof fSbud stp^e carbohydrates may be essential 

i.* y* hiiierentiation or that other factors mav eansA fmit fmri 

becawsa of toiy r.kWMrto“thrsto5irf;K 

lueir concentration is largely dependent upon that of the starch. 



Sept. 15, 1938 Seasonal Variations in Content of Boots of Pecan Trees 459 


Altlaougli the concentration of nitrogen was relatively low through- 
out the experiment, the data mdicate that the amount of nitrogen in 
pecan roots is governed partly by conditions favorable to absorption 
and partly by the nitrogen requu'ements for tree growth and fruiting. 
In the latter part of 1934 the nitrogen concentration was low, but it 
increased from January to April in 1935. The summer and fall of 
1934 were extremely dry and the soil moisture was doubtless a limiting 
factor in the absorption of nitrogen. From Januaiy until April 1935, 
however, soil moisture was adequate for absorption, and the trees 
were dormant and therefore required very little nitrogen. With the 
initiation of spring growth and blossom development the demand for 
nitrogen was great and probably could not be met by root absorption; 
hence the nitrogen decreased in the roots. The heavy nut crop of 1935 
made a considerable demand for nitrogen in nut filling, and the nitro- 
gen did not increase during that time. However, from November 
1936 to February 1937, when the trees were dormant, the nitrogen 
again increased materially as in the first part of 1935. 

SUMMARY 

Composite samples of lateral roots of pecan trees of bearing age 
were collected at intervals during an and an year and 

analyzed for the principal carbohydrates and total organic nitrogen. 

The starch concentration tended to reach a maximum in late fall, 
after which there was a winter decrease and then a further decrease in 
spring to a minimum in early summer. The amount of starch in the 
roots for any period was apparently dependent upon the relative 
growth rate of the tree, age and condition of foliage, and the size and 
stage of development of the nut crop. 

Starch was the most variable of the constituents determined, and 
its concentration appeared to have a marked influence on fruiting. 

The rapid disappearance of starch during the spring growth and 
blossoming period and the decrease of starch and hemicellulose during 
the nut-filling period show that both growth and fruiting in the pecan 
are exhaustive processes. 

Reducing sugars were low and showed no consistent seasonal varia- 
tions, thus inthcating they are labile forms of carbohydrates. The 
nonreducing sugars, however, were present in appreciable quantities 
and varied with the starch although to a lesser extent. These may 
serve as storage carbohydrates or may be labile forms whose concen- 
tration depends largely on that of starch. 

The total nitrogen content in the roots was low at all times, but it 
decreased during rapid spring growth and increased during winter 
when the trees were dormant and soil conditions were favorable for 
nitrogen absorption. Nitrogen concentration was largely independent 
of dry-matter content. 
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applicability of nutrient-solution purification 

TO THE STUDY OF TRACE-ELEMENT REQUIREMENTS 
OF RHIZOBIUM AND AZOTOBACTER 1 

By Robert A. Steinberg 

Associate physiologist, Division of Tobacco and Plant Nutrition, Bureau of Plant 
Industry, United States Department of Agricidture ^ 

INTRODUCTION 

Though almost 20 years have elapsed since the introduction by the 
writer of the method of nutrient-solution purification for studying 
trace-element requirements of plants, no application of tMs procedure 
to studies with bacteria has as yet been made. For reasons readily 
apparent, it has long seemed desirable to the writer to obtain data 
affording a direct comparison of the effects of this technique on bac- 
teria and on Aspergillus niger Van Tiegh. A direct comparison 

involves the use of the same equipment, chemicals, and technique 
by the same investigator, so far as possible. The organisms selected 
for this comparison were Rhizohium trifolii Dangeard and Azotobacter 
chroococcum Beij , 

The procedures employed necessitated, as usual, the ascertainment 
of the minimum quantities of the usual ash constituents required for 
maximum growth, together with the identification and study of the 
necessary trace elements. Again, it was found essential to devote 
some attention to the accessory growth substance required by rhizo- 
bium in order to limit the extent to which any mineral impurity it 
might contain would alter or vitiate the results on mineral nutrition. 

Though these experiments are, in a manner, incomplete, it should 
be recalled that their primary objective was a studjr of the applica- 
bility of the method of nutrient-solution purification to bacterial 
studies. It was considered undesirable, therefore, to go more deeply 
into the study of these organisms than was necessary for a general 
comparison with aspergillus. To have done so, even for the purpose 
of obtaining improved results with the trace elements, would have 
necessitated changes in equipmeniy.io^ro vide adequate aeration for 
azotobacter, besides considerable additional work on purification of 
the accessory growth bodies required by rhizobium. 

REVIEW OF LITERATURE 

No attempt will be made to present a general summary of the 
literature, in view of the many excellent reviews that are available. 
That of Wilson (18) on rhizobium and of Burk (4) on azotobacter are 
among the most recent. 

1 Received for publication June 4, 1938; issued September 1938. 

2 The writer expresses his appreciation of the help extended him by various investigators in the U. S. 
Department of Agriculture. L. A. Burkey, of the Bureau of Dairy Industry, made the microscopic bacterial 
counts mentioned in thiS paper, and Daniel Ready, of the Division of Soil Microbiology, Bureau of Plant 
Industry, the nitrogen determinations. Acknowledgment is further m ade of cultures and helpful infornifii 
tion received from L. T. Leonard and N. R. Smith, also of the latter Division. 

8 Italic numbers in parentheses refer to Literature Cited, p. 476. ^ 
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^Rliizobium and azotobacter are known to require, besides a sourop 
of energy, nitrogen, potomm, phosphorus, magnesium, Sur 
iron, calcium, and molybdemim. Various claims also have bem 
made regarding the necessity for other elements, inGludin^connp? 
zinc, manganese, tungsten, silicon, vanadium, and strontium ’ 
thermore, complete agreement has not as yet been reached S;>-ardin; 
An accessory growth factor for rhizobium (frf 

begun to accumulate that would indicate 
that like the vitamin requn-ements of animals, the accessorv mS 
substance requirements of all bacteria and Wi are SeTto 
circumscribed number of organic compounds thi need fo? Xch is 
general and not specific to a single organism and the functions of 
which m plants are quite analogous to those of vitamins i^Smls 

METHODS 

Azotobacter 

mrqococcum ±5eij. (IN. K. Smith No. 7) were grown for 4 davs at 0-s° 
C m oO-cc portions of a sucrose nutrient solution in 12S-L pyrev 
Sr ® cultures of R. trifolii were maintained on S 

containing sucrose, bactopeptone, malt and veast 
^tract, while those of A. chroococcum were grown on Ashby asar 

lA^^daSTar^^V bacterial sipension waf used?; 

S we JSilS 

heftkJatl nn°^r ^ Jtl^ magnesium carbonate was accomplished by 
neatmg at 100 C. m the Arnold sterilizer for 20 minutes (lO'minntpi 

hel fn^ M P™-;i”g);.and with calcium SrtaZ by 

f 7 ^ same length of time at 15 pounds^ pressure in thp 

m^enti^the carbonate differed in different expS- 

were treated before addition of ^tL trace 

of TTp3?sity Jei MS 

ontyTS- lo'ptcSTtSS pSS?ed“^ tests, comprising 

o r prepared in duplicate and were quite uniform 

apply S'XcdaS; SS "amt eSeriment' 

^ nephelometer, provided with 50-mm cuds was 
standard“m33/’’'’^? i" turbidity. Use of a fluctuatiS^ SdTty 
£ c^troirtl^LX?'’^®^^^^ quite unsatisfactory, since 

reLdlS byirnmovtir.rfT^.''^^^ defeat was 

turbid acrvUtP i turbidity standard consisting of a rod of 

arid wuf the cue Tm'.cl?"’ 

standard was assumpd tn K ®^uh mdhmeter of the turbidity ■ 

< ssumed to be eqmvalent to approximately 10,000,000 
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rliizobium cells per cubic centimeter or approximately 2,000,000 azoto- 
r bacter cells per cubic centimeter. The estimates were based on read- 

ings of 49.2 mm with a rhizobium suspension of 500,000,000 bacteria 
per cubic centimeter and 11.3 mm mth an azotobacter suspension of 
22,320,000 bacteria per cubic centimeter, on the assumption of an 
exact proportionality between growth and turbidity. A freshly 
prepared solution containing 25 m^g of magnesium sulphate 
(MgS04i7H20) plus 50 mg of potassium phospliate (K3PO4) per 
100 cc gave a reading of 25.2 mm with the solution cup set at 10.0 

> mm. Acidities were determined with a Leeds and Northrup qiiin- 
hy drone electrode. 

The values in table 1 are of interest in view of the scarcity of such 
^ data and the increasing use of the nephelometer for measuring 

► bacterial growth as turbidity. They are the results of several different 
experiments. 

Though these observations are limited in both number and range 
‘ "" covered, they would seem to indicate a change in proportionality 
between bacterial count and turbidity depending upon the extent of 
i growth. The average value of the ratio between bacterial count and 

turbidity is 2,009,000 for readings between 2.0 and 11.3 mm. An 
increased precision should be readily attainable through the use of a 
more carefully calibrated, uniform turbidity standard, manipulation 
to obtain numerical readings of greater magnitude, and mechanical 
means to form a uniform suspension of bacteria. Also, the use of a 
! colloid to stabilize the suspension may be advisable. The rapidity 

with which readings may be made would warrant further investigation 
i of the possibilities of the nephelometer. 


Table 1 .— Comparison of growth measurements of azotobacter as determined by 
turbidity readings and by microscopic bacterial counts 


Turbidity 

(milli- 

meters) 

' 

Bacteria 

i 

Ratio of 
number 
of bac- 
teria to 
turbidity 

Turbidity 

(milli- 

meters) 

Bacteria 

, . ■ '1 

Ratio of 
number 
of bac- 
teria to 
turbidity 

Turbidity 

(milli- 

meters) 

Bacteria 

Ratio of 
number 
of bac- 
teria to 
turbidity 

0.5--—-.. 

Millions 
per cubic 
centimeter 
6.336 

Millions 
per milli- 
meter 

10. 672 

2.6 (~Fe)— 

Millions 
per cubic 
centimeter 
2.828 

Millions 
per milli- 
meter 

1. 131 

3.8 

Millions 
per cubic 
centimeter 
7. 360 

Millions 
per milli- 
meter 

1. 937 

1.0...—— 

8.372 

8. 372 

2.5 (~Mo)- 

4.692 

1.877 

4.6-.--. --i 

13. 104 

2.912 

1.7-.- — .- 

7.304 

4.297 

2.8.—— 

8. 677 

3. 099 

11.3--- 

22. 320 

1. 975 

2.0.... — .. 

2, 376 

1.188 

3,7 

6.120 

1. 654 





EXPERIMENTAL RESULTS WITH RHIZOBIUM 


After considerable effort to grow rhizobium in solutions free from 
organic matter other than sucrose, further attempts were abandoned 
and Difco bactopeptone was adopted as a source of growth factor. It 
was found that yields of only 1 to 2 mm (2 to 4 million bacteria per 
cubic centimeter) could be obtained without the addition of organic 
material containing an accessory growth factor, whereas yields cor- 
responding to 45 mm or more could be obtained by its addition. 
Repeated tests with salts of 77 of the chemical elements at different 
concentrations gave no indication to substantiate the belief that the 
poor growth without growth factor was due to any single inorganic 
deficiency. The quantity of bactopeptone to be employed was set at 
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50^mg per liter, 1 e. 5 parts per 100,000. This is a somewhat sah 
optimal quantity, but it was adopted because of the turbiditv ' 
tenstes of the ooltur^ .t the time of haerest after id™ If ISS' 
The results given m experiment 5 (table 2) are tvnic<tl J 
obtained with an unpurified solution containing 50 mg of bactonpn+1?^^ 
per hter, except that the peld of the eontrefSeomewte^om 

experiment to expeiment. The nonaddition of iron or of molvbdenZ 
to the nutrient solution did not result in a decrease in growth 
shght decrease took place through withholding manganese or cEtv 
t IS mterestmg to compare these findings with thofeTexperimfr? 
(table 2 ), in winch a partially purified bactopeptone prepariion in 
absolute alcohol was used. The use of this preparation of wliich 
more ■^l be smd later, evidently had decreased the content ^of mineml 
impurities in^the bactopeptone since a decrease in the percLTa^e o 
maximum yield followed the omission of any one of the trLe Snts 
Purification of the nutrient solution with magnesium carbonate sSed 

reference" to experiment 6 sW 
The best results, however, were obtamed by combining purification 

indSteTirS;:^^^^^^ bacfop%t?C:i 

Many additional experiments, other than those tabulated led to 
the same conclusions; Omission of iron, manganese, molybdenum or 
^Icium from the nutrient solution gave decteased growth of rhizobium 

niWe^^«Nm substituting sodium 

nitrate (NaNOg) for ammomum nitrate (NH4NO3) in the nutrient 

S roZ' 2 ^ of the omision S inorgaSc 

mtrOt,en. The solution m the latter experiment contained 13 me of 

owing to the addition of bactopeptone. Under these 
conditions, no fixation of nitrogen occurred in the control. 


Table 2. Effects of trace elements on the growth of Rhizobiinn trifolii in different solutions for 4 days at 28 ^ 
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ofthSits »d 

Since these results influe£ced the chole of bactoZnf.®'''®'' 3, 

growth factor. The results are stated as peTcentn^- f® ^ of 
at a concentration of 1.0 me ner litpr^ “crease in yield 

extract were most effective and to about y®ast 
ference in effectivity of toe?e mWn The dif- 

organic nitrogen as such was not the sources indicated that 

tions. Attempts to obtairthe varia- 

simple extraction with solvents weretnsuccetM M by 

tion of bactopeptone at 147° C. and 5^ to To Nor was sublima. 
cessful Though considerable material subltoi'S^trAff^r suc- 

lower (3-percent increase at 1 mg per literl tb^ to * effectiveness was 
Sublimation of a bactopeptone |?epatationnht? W^al substance, 
^ith lead, adsorption A^th charcoaf ^d ex Wtto^"^ by^ Precipitation 
acetone seemed more efficacious since o to ° ammoniacal 
cent with approximately 1.0 mg per liter^of P®^‘ 

in one trial. ^ P®^ ^'er ot substance was obtained 

days 


Organic substance added 


Material and method of production 2 


Control...,, 

Bactopeptone, Difc^"' — 

extract, Difeo; - . 

Malt extract, Difeo - ---------- 


Quantity 
per liter 


Milligrams 
"lo.'o' 

13.0 

6.0 
.8 

23.6 
5.4 

50.0 

3.6 

3.2 

2.2 
50.0 
50.0 
50.0 

I 


Growth 

Pleasured 

nephelo- 

metrically 


Millimeters 
1. 2 

44.3 

14.9 

4.3 

1.7 

18.9 

4.8 

4.3 

3.4 
2.1 
1.6 

3.5 

53.9 
23.5 

1 


Computed 1 
increase in 
yield for 1 mg 
substance per 
liter 


Percent 


72.0 
87.7 

43.3 

52.5 

62.3 

55.6 
5.2 

',41.7 , 

56.2 

60.0 
5.8 

88.0 

37.2 


tungstic acid. The bactonerifnito carbonate nor by phospho- 
^owth value of 34 8 mm ^,Tmg per lite?, “a 

objected to heating gave^I§®]l^°“w FI® mm while 
(BaCOs) the precipitated mitral barium carbonate 

cent as compared to an increSe oA^Ti increase of 10.3 per- 

material. With phosphoSSf acid ^ 

F ..uiigstic acid, the growth increase in the 
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precipitated material was 9.6 percent and that in the filtrate 40.5 
percent.. 

Treatment of a neutral solution of bactopeptone with basic lead 
acetate followed by deleading with potassium bicarbonate (HKCO3) 
did not decrease the growth-factor content, as also reported by Clark, 
(7). If the solution was then treated with Merck’s * ‘Medicinal Char- 
coal, extracted with acid,’^ the factor was adsorbed. Elution of the 
adsorbed factor was accomplished with ammoniacal acetone (1-h 9) or 
ammoniacal absolute alcohol (3 -f 9). The latter gave a deep brownish- 
red solution and was the method by which the bactopeptone prepara- 
tion used in some of the experiments of table 2 was prepared. Tliis 
preparation could be freed of color with little loss in activity by dilut- 
ing the neutral solution with water and extracting with amylic alcohol. 
The increase in effectiveness of the organic material by these methods 
was slight. The acetone extraction material, for example, gave a 
growth increase of 137 percent at the 1.0-mg level, as compared to an 
increase of 72 percent with the original substance. 

Nutrose treated by the same procedures gave an increase in yield 
of 66 percent at the 1.0 mg per liter level, which was about equal to 
that obtained by simple extraction with absolute alcohol or acetone. 
Mild hydrolysis of nutrose did not lead to an increase in effectiveness. 

Finally, the compounds in the following list were tested for their 
ability to bring about growth increases, but unsuccessfully. Lecithin 
(from eggs) sometimes brought about slight increases, the others 
practically none at all. Occasionally it was thought that one of these 
compounds was effective, but a careful check failed to verify this 
interpretation. 

1-Histidine dihydrochlo- 
ride 

i-Hydroxyproline 
l-Leucine 
dl-Isoleucine 
d- Lysine dihydrochloride 
dl- Methionine 
a-Phenylalanine 
jS-Phenylalanine 
1-Proline 
1-Tryptophane 
Glycogen 
dl-Serine 
dl-Norleucine 
Uric acid 

Sodium nucleinate 
Xanthine 
Pyruvic acid 
Glycolic acid 
Thiourea 
Allantoin 
Lecithin (egg) 

One interesting point had been encountered in these experiments 
on the purification of the accessory factor required by rhizobium; 
namely, that nutrose, when added to an unpurified nutrient solution, 
was as effective as bactopeptone in bringing about increased growth; 
whereas, when added to a solution purified with magnesium carbon - 


Glycerol 

Raffinose 

Trehalose 

Maltose 

Galactose 

d- Mannose 

d- Mannitol 

Sodium glycerophosphate 

Dextrose 

Levulose 

i-Inositol 

Lactose 

Malic acid 

Asparagine 

Malonic acid 

q^aurine 

Cholesterol 

Creatine 

jS-Carotene 

Choline hydrochloride 
iS- Alanine 
Tannic acid 
)S-Indolylpropionic acid 


Glucosamine hydrochlo- 
ride 

Vitamin Bi 
Vitamin C 
Lactoflavine 

Sodium magnesium chlo- 
rophyllin 

Sodium iron chlorophyllin 

Adenine 

Uracil 

Guanine 

Hydroxylamine hydro- 
chloride 

Hydrazine hydrochloride 

1-Tyrosine 

dl- Valine 

a- Alanine, racemic 
d- Arginine 
1- Aspartic acid 
1- Cystine 
d-Glutamic acid 
Glyeine 
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ate It was totally ineffective. The uninoculated control with the 
purified solution containmg 50 mg of nutrose per Hter usually W] ! 
value of 1 to 2 mm, while the inoculated control with nutroS hJd o 
value of 3 to 4 mm. The control without nutrose gave no growth 
Evidently the magnesium carbonate treatment removed from tbe 
nutrient solution some factor, essential for growth of rhizobhm o! 
winch nutrose is deficient. This deficiency could not be sunnliS’ Kv 
subsequent addition of nitrogen, phosphorus, etc. Eepeated test^ 
with nutrose and salts of the chemical elements at concentrations of 
oO^to 500 parts per billion failed to identify the deficiency The 
substances hsted on page 465 were then tested in combinatiL with 
nutrose and proved uniformly ineffective, with the exception of 
lecithm, which was the last one tried. One milligram of lecithin 
per liter in a purified solution containing 50 mg of nutrose per liter 
increased the growth of rhizobium from 2.7 mm to 39.4 mm after 
correction for the turbidity caused by the nutrose. The neTdfor the 
joint presence qf nutrose and lecithin indicated that the presenJe of 
two accessories is required by rhizobium. ^ 

The possibility that the milligram of lecithin per. liter added to the 
solution in conjunction with nutrose served as a means of re^sh n' 
a deficiency of nitrogen, phosphorus, etc., is quite remote Thf 
quantity involved is too small. Nutrose itself contains nitroven 
i?“y inorganic impurities. Moreover, other organic 
compounds contammg nitrogen and phosphorus could not overfome 
ft most important, is the fact tharnone“f 

the solutions of experiments tabulated in this paper was deficient in 
phosphate, as ascertained by repeated tests. aencient in 

complete removal from the nutrient solution of the 
W 1 ^ accessory factor, presumably introduced with the sucrose 
by magnesium carbonate was duplicated with bactopeptone and 

tTZ ToTn" •? 2 5 mg of bactopepSf^SoNed 

added tlfe^i-lS.,^ carbonate was 
absolute extracted with ammoniacal 

aosoiute alcohol (1+9), and the solvent was evaporated The un- 

experiment gave a value of 1 8 mm for the 

gave 0 in 2-2 mm, and the residue from the ammoniacal alcohol 
SntrationToffmAPT^^ therefore, was effective at a con- 
one or Wl. “g bactopeptone per cubic centimeter in removing 

the soluS completely (about 98 percent) from 

le solution but ineffective at a concentration of 10 of bactonen 

M S for r*", + "’"V performed & 

£fp„”ris7+' feuld be noied i Ibis eonrS 

removed the imnurit^ o?th™°* solution with magnesium carbonate 
orro^in “ impmity of the sucrose almost completely whereas the 

Sr ftarpJrceottle dlff”" '’““PPP*”™ P<>p ™ 

perceptible difference m eTowth. AuDarentlv ho rbmw 

SSmed thlftbr,,? ml^esium cKS, d™ 

' ® P^®®®^ce of other constituents is immaterial. 
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Tests finally were made with some of the growth accessories identi- 
fied as necessar}^ for certain micro-organisms. These were i-inositol, 
required by yeasts; pimelic and nicotinic acids, by the diphtheria 
bacillus and vitamin Bi hj Phycomyces other organisms 

IS). Staphylococcus has also been found by Knight {9) to require 
nicotinic acid and vitamin Bi. Nutrose and lecithin, too, were 
included. They were tested singly and in pairs at 1 to 2 mg per liter 
but proved uniformly ineffective, except nutrose plus lecithin at 50 
and 1 mg per liter, respectively. 

As a consequence of the unsuccessful search for an accessory growth 
factor in relatively pure form the use of bactopeptone was adopted as 
standard. The use of alcoholic solutions of bactopeptone was found 
desirable to prevent bacterial decomposition and to decrease the ash 
content. Some decomposition of the accessory growth bodies seems 
to occur in alcoholic solution, however. 

Little has appeared in the literature {16) on the necessity for a 
careful check of the various claims for the existence of growth factors, 
as well as of the presence of trace elements in the organic materials 
used to culture micro-organisms. The following tabxdation should, 
therefore, prove of value as a measure of the extent to which organic 
substances, some of which are in constant use for the preparation of 
culture media, are contaminated with inorganic materials. 

Contaminants found spectroscopically ^ in some of the materials used in growth 

studies with rhizohium 

Material: Elements identified spectroscopically 2 

Bactopeptone, Na, Ca, Mg, K, A], Sr, Fe, P, Mii, Cu, Pb, 

Si, Ba(?), Li. 

Peptone, Witte-„_ Na* Ca* Mg* Sr* Fe*, Si* B, Mn, K, Cii, 

Al, Sn, Pb, V(?), Ba. 

Malt e.xtract, Difco--. Ca*, Mg*, Si, Cu, Mn, Fe, AI, P, K, Na, Ba, 

Sn, Pb, V(?), Ti(?), Sr. 

Yeast extract, Difco Fe*, Ca*, Mg*, Sr*, Na*, K*, Ba, Mn, Cu, 

Al, Pb, V(?), Si. 

Flnositol, Pfanstiehl Ca*, Mg*, Fe*, Pb, Cu, Si, Al, V(?), Mn. 

Cholesterol, Pfanstiehl. Cu, Mg(?). 

Sodium magnesium chloro- Ca*, Fe*, Sr, Cu, Pb, Al, V, Sn(?), Na, Mg, 
phyllin. Si, Cd, Pt, Zn, Mn. 

Casein, Pfanstiehl P, Mg, Cu, Pb, Ag, Na, Zn(?). 

> These data were obtained by B. C. Brunstetter, associate biochemist, Division of Fruit and Vegetable 
Crops and Diseases, Bureau of Plant Industry, with a Bausch & Lomb large-size quartz spectograph and 
carbon arc. 

2 Strong traces are indicated by asterisks (*); doubtful, by question marks, 

EXPERIMENTAL RESULTS WITH AZOTOBACTER 

Cultural work with azotobacter also was handicapped by the 
inability to duplicate growth values for the controls in successive 
experiments despite care in the preparation of the nutrient solution, 
including the use of stock solutions of the inorganic constituents. 
The results with trace elements shown in table 4 have been duplicated 
frequently, however, and there can be little doubt, therefore, of their 
reliability. Azotobacter, like rhizobium, gave decreased yields when 
traces of iron, manganese, molybdenum, or calcium were^ omitted from 
nutrient solutions with both fixed and free nitrogen. This was evident 
even in the impurified solution (experiment 1), and was plainer, at 
least for iron and calcium, with the piirified solutmm experiments 
2 and 3 (table 4). 
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The growth with fixed nitrogen in experiment 5 (table 4) was almost 
double that obtained with free nitrogen. Moreover, the presence of 
fixed nitrogen as sodium nitrate (NaNOg) did not eliminate the need 
for any of the trace elements required for growth with atmospheric 
nitrogen. Attention is also directed to the effect of sodium ion in 
experiments 4 to 8 (table 4), on the omission of calcium. The reason 
for the addition of sodium chloride was that it had been found capable, 
apparently, of causing increased growth, though this increase later 
proved to be fallacious. Other tests, moreover, had shown that 
though potassium phosphate (K3PO4) was present in optimum amount 
it could be halved in quantity without diminishing growth, if the 
deficit was replaced by potassium or sodium bicarbonate (HKGO3 or 
HNaCOs). Experiments 7 and 8 (table 4) illustrate the effects of 
purification with magnesium and calcium carbonate on the removal of 
trace elements in the presence of fixed nitrogen. 

Aeration, it was assumed, was the limiting factor for growth with 
azotobacter in the preceding experiments. The use of 25 cc, instead 
of 50 cc, of nutrient solution in the 125-cc flasks, increased the growth 
of the control in experiment 7’ (table 4) from 6.9 mm to 22.0 mm, and 
in experiment 8 from 10.0 mm to 27.8 mm. It is plainly evident, 
therefore, that none of the constituents of these solutions were deficient 
in quantity at the lower aeration level. 

The effects of a somewhat higher but still insufficient aeration level 
are shown in table 5, in which 25 cc of culture solution was used in 
200-gc flasks instead of 50 cc in 125-cc flasks as in the preceding 
experiments. Increased aeration brought about very marked increases 
in growth and. slight increases in the concentrations of mineral con- 
stituents required. To judge from the fragmentary data available, 
optimum aeration for this strain would require the use of 1-liter 
Erlenmeyer flasks with not oyer 25 cc of nutrient solution, or a depth 
of liquid of about 3 mm. This is the depth employed by Kostytschew 
et al. ill), who obtained nitrogen fixation of about 25 mg of nitrogen 
per gram of sugar used. Here again the increase in growth with 
improved aeration demonstrated the presence of nutrient constituents 
in ample quantity for the level used. 

The possibility of the complete substitution of calcium by stron- 
tium {5, 8) was tested in a solution without fixed nitrogen, identical 
with that of experiment 6 (table 4). It had an initial reaction of 
pH 7.54 and growth in the control was lower than usual, being only 
1.3 mm or about 2,600,000 bacterial cells per cubic centimeter (p. 463). 
Iron, manganese, molybdenum, and calcium were added, as iisual, 
in concentrations of 0.06, 0.03, 0.02, and 0.30 mg per liter respectively. 
Omission of calcium resulted in a complete cessation of growth. 
The addition of strontium as chloride, in steps of 0.05 mg per liter up 
to a maximum concentration of 0.50 mg per liter, proved incapable 
of aiding growth in any degree in the calcium-free solution. ^ The 
strontium salt contained 0.0013 percent of calcium, being practically 
spectroscopically pure. In other experiments in which only partial 
removal of calcium was accomplished, strontium, however, could be 
substituted for the deficiency, at least partially. A duplicate of 
experiment 1 (table 4) gave a yield of 5.5 mm and percentages of 
maximum yield of 58.2, 100.0, 103.6, and 25.5, respectively, for iron, 
manganese, molybdenum, and calcium. The initial reaction was 
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pH 8.16, and the reaction at time of harvest ranged from oW c 
he control to i,H 6.91 for mmue calcium. AntSo^rsCS t 
the niiiiiis-calGiiim culture in eaui valent * ^tiuni to 

Jield to 72.7 percent of maximum!™ 7 3 prcen7fe«^ *5 
the control mth calcium. Other teste gave about 82 and 7 n 
replacement (controls, 7.6 and 5.7 mm) 

seemed equivalent to calcium chloride. ^ ontium chloride 

Table 5 —Effects of trace elements on growth of Azoiohacfpr • 7 -2^ 

soMtons for 4 days at 88° C. when 85 cc of 
flasks 


n 7. /77L L^ni uococcum in 

C. when 85 cc of nutrient solution was used i- 


in 800-cc 


Trace element omitted 


Effect with ^solutions J used in- 


Fe 

Mn. " 

Mo 

ca 

ANoiie.-.. 

Maximum 3.. 

pH ^ 


E.xperiment 1 
(sucrose, 10.0; 
K3PO4, 0,25; 
MgS04.7H20,0.09 
g per liter) 

'a 

•2 

>4' 

Proportion of maxi- 
mum yield 

Acidity at harvest 

Mm 

3.8 

7.8 

6.4 

5.5 
8.0 

Pet. 

47.5 

97.5 
80.0 
68.8 
100.0 

pH 

7.01 

6.82 

6.86 

6.95 

6. 75 

13.6 


8.26 - 


Experiment 2 
(sucrose 10.0; 
K:3P04, 0.09; 
MgS04.7H20,0.09; 
HNaOOs, 0.10 
S per liter) 


Experiment 3 
(sucrose, 10.0; 
K:3P04, 0.25; 
MgS04.7H20,0.20; 
CaCOs, 0.50 
g per liter, 
filtered hot) 


Experiment! 
(sucrose, 10.0; 
NaNOs, 0.20; 

tvtt f 3PO4, 0.25; 
MgS04.7H20,0.20; 
CaCOs, 0.50 
g per liter, 
filtered hot) 



er liter, respectively. ^ ^ v.<iioiuxu were used at concentrations of 0.08, 0.02, 0.02, and 0.40 mg 


* iron, manganese, i 
per liter, respecti vely 
3 The extent of grov 

azotobacter included tests for 

ass of^t?h£sr?rf " 

with iodine to n trite At S i ^ydroxylamme was oxidized 

rSctlmSri-^ P«f ^eSs'for^mmoSS^^^ 

rLf IS* 

cultures ^ave a Dositive tpQf Tuinus-calcium 
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I probable that at this level also a graduated deficiency of the trace 

J elements may result in the accumulation of sufficient hydroxylamine 

1 in the nitrate solution to give a positive reaction. 

DISCUSSION 

Inability to duplicate closely the yields of controls in successive 
experiments has had the effisct of diminishing the value of the data. 
This was overcome to some degree by frequent repetition and check. 
Under these conditions, of course, it was not possible to more than 
approximate optimum^ solutions for growth. Though the cause of 
these uncontrolled variations is unknown, continued tests with many 
of the chemical elements failed to identify one of these as the cause. 

: Duplicate cultures, however, gave quite uniform results, and the same 

I was often true for different treatments of the same experiment. 

The use of the method of nutrient-solution purification with mag- 
nesium or calcium carbonate led to some improvement in results, but 
less than that obtained with aspergillus. The reason for this probably 
lies partly in the very small increase in mass of bacteria as compared 
to fungi for the same quantity of nutrient. On the assumption of 
even a 200-mg yield per 1.0 gbf sucrose, the coefficient of utilization 
would be only 20 as compared 50 for aspergillus. ^ It is not sur- 
prising, therefore, that the quantities of essential impurities remaining 
in the nutrient solution after purification, which are still partially 
i effective in the case of aspergillus, are even more effective with rhizo- 

I bium and azotobacter, especially at low growth levels, in supplying 

I the deficiencies of the elements experimentally omitted. This does 

t not mean, however, that the method of nutrient-solution purification 

is useless with bacteria but rather that an additional improvement in 
technique is highly desirable, a fact already known from investigations 
with aspergillus. 

Another factor making for poor deficiency results with the trace 
elements is the low growth of the controls. Increased growth of con- 
trol is generally accompanied by improved deficiency results, as has 
been demonstrated with aspergillus by the writer. This may be ac- 
complished to a considerable extent by the use of greater quantities 
of bactopeptone with rliizobium and improved aeration with azoto- 
bacter, without a further increase in mineral ingredients. It is doubt- 
ful, however, that all inorganic constituents in the solutions of table 5 
wifi be present in ample amount when growth factor and oxygen are 
f no longer limiting factors for the respective organisms. 

Vigor of culture is best expressed as the maximum bacterial count 
obtained in these experiments. That for rliizobium was 500,000,000 
bacteria per cubic centimeter by actual count. The maxima for azo- 
r tobacter were estimated at 56,000,000 per cubic centimeter \yith fixed 

nitrogen, and 19,000,000 without; improved aeration led to increased 
counts of 52,000,000 per cubic centimeter without fixed nitrogen and 
166,000,000 with fixed nitrogen. Marked increase in growth of rhi- 
zobium could be brought about by increased bactopeptone. The 
quantity of nitrogen fixed by a 50-cc culture in a 125-cc flask of a tur- 
bidity of 4.5 mm was too little to be determined by micro titration. 

Except for the inability to duplicate successive controls to within a 
f small variation, the data on the trace elements are, on the whole, 

quite similar to those with aspergillus even at the foregoing nutrition 
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levels. Omission of an essential element led to a decrease in growth 
and diminished the rise in acidity accompanying growth. The need 
of these organisms for iron, manganese, molybdenum, and calcium, 
even under the suboptimum conditions of these experiments, appears 
to be specific on the basis of many tests with salts of 77 elements. 
On the basis of the experience gained in these experiments, the belief 
was developed that the mineral requirements of the bacteria for growth 
are, in general, as rigid and inflexible as those for fungi and other 
forms of life, and that the evidence to the contrary is entirely inade- 
quate, being based on results due to use of impure chemicals. 

The e^udence for the necessity of a growth factor by rhizobium is 
based partially on the inability to obtain growth in the absence of this 
factor by the addition of salts of the chemical elements or by the ad^- 
tion of many organic compounds capable of serving as sources of 
carbon and nitrogen. The degree of dependence on an accessory 
growth factor would appear to differ with the strain {1,2). With the 
trace of accessory growth factor in the sucrose, Rhizobium trifolii 
No. 532 of L. T. Leonard, which was also tested to a considerable 
extent, invariably gave larger yields than the No. 205 strain of E. B. 
Fred and also differed from the latter by giving slight increases in 
growth with sodium thiosulphate. Moreover, with sufficient decrease 
in accessory-growth-factor content of the nutrient solution, the No. 
532 strain is unable to grow. With this strain, also, the need for an 
accessory growth factor cannot be avoided by the use of mineral 
constituents or organic carbon and nitrogen compounds. Further- 
more, the use of nitrogen as ammonium salt, nitrate, or asparagine did 
not preclude the need for an accessory growth factor. 

The data afford additional confirmation for the essentiality of 
coenzyme R ^ for rhizobium {1, 2) and evidence for the existence of 
another essential growth factor. The tests consisted in the addition 
to a nutrient solution, containing ample quantities of all mineral 
constituents, of many organic nitrogen compounds and of salts of 77 
chemical elements. These compounds were unable to replace the 
need by rhizobium for both coenzyme R and the second growth factor 
(^hhizobiosin”) in an unpurified solution. Neither could one of these 
compounds, totaling more than 140, be substituted for rhizobiosin 
when added with nutrose to a purified solution. The possibility that 
an inorganic deficiency is responsible for the results attributed to 
rliizobiosin is quite slight. The possibility that the addition of 100 
mg of magnesium carbonate per liter in the purification resulted in 
the formation of a soluble toxic substance is likewise remote. The 
addition of magnesium carbonate to the nutrient solution without 
sxibsequent filtration does not necessarily dinainish growth and may 
cause an increase. 

The presence of many mineral impurities in the crude growth- 
factor preparations is shown in the tabulation on page 469. The 
improvement in results on the trace-element requirements of rhizobium 
by purification of the bactopeptone preparation has also been shown. 
It is evident, therefore, that unless precautions are taken the increase 
in yield brought about by a crude preparation may be due to inorganic 
constituents as well as growth factors. 

® According to verbal information from F. B. Allison the accessory growth factor in nutrose Is 

eoemyme R. , 
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Tlie data of table 3 should be interpreted with caution in view of the 
probable need of two accessory growth factors by rhizobiiini since the 
values may depend to a considerable extent on a selective extraction 
of one or other of the necessary accessories. Though no attempt was 
made to ascertain the existence of selective absorption by these sol- 
vents, the possibility exists. 

The solutions used in the culture of azotobacter were of known com- 
position and free from sediment or turbidity. As with aspergillus, 
purification with magnesium or calcium carbonate gave the best 
results in tests of trace-element requirements if hot filtration was 
employed. Hot filtration, however, tended to remove excessive 
quantities of phosphate and magnesium from the solution, associated 
perhaps with the absence of ammonium salt. Cold filtration gave 
better growth of the control, but poorer results on trace-element 
requirements. As with aspergillufe, purification with calcium car- 
bonate seemed better on the whole than that with magnesium car- 
bonate, and the results of deficiency tests with iron were better than 
those wjth manganese or molybdenum. Again, as with aspergillus 
increased growth was usually paralleled by increased acidity. It 
should not be overlooked, in addition, that though, with increased 
aeration, the increased growth will probably necessitate higher con- 
centrations of mineral constituents under conditions for maximum 
growth, the preparation of a simple optimum solution free from tur- 
bidity appears to be practical with potassium phosphate, magnesium 
sulphate, and perhaps sodium or potassium bicarbonate. The 
marked decreases in yield following nonaddition of molybdenum that 
have been reported by Bortels (5) and Burk and Lineweaver (5) have 
not been duplicated, however. Though the factors responsible have 
not been determined, it would not be illogical to assume that the trace 
of molybdenum in the sucrose (about 0.008 mg per 20 g sucrose), 
found to be present in studies with aspergillus {15) ^ plays a large part. 

The results obtained with nutrient-solution purification must be 
realized to be a first trial of the method with bacteria, and subject 
to improvement with further study. Extraction of the sucrose with 
95-percent alcohol after the manner employed for aspergillus should 
also lead to improved results, particularly with molybdenum. Addi- 
tional betterment in results with azotobacter should follow at higher 
aeration levels, with longer growTh periods, and through use of strains 
with relatively low oxygen optima. Another important factor is the 
freedom from mineral impurities of the accessory growth factors 
with rhizobium. 

SUMMARY 

The use of nutrient-solution purification led to a slight improve- 
ment in results in studies of the trace-element requirements of 
Bhizohium trifolii Dangeard and Azotobacter chroococcum Beij., even 
at low nutrition levels. The results obtained were quite similar in 
general to those previously reported for aspergillus. No evidence 
could be obtained that the need of these bacteria for an essential 
element is not specifi.c and almost absolute. Evidence was obtained 
affording additional proof of the essentiality of coenzyme R for growth 
of rhizobium. The necessity is also indicated of a second accessory 
growth factor for which the name ^Thizobiosin^^ is proposed. 
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digestible nutrients and metabolizable energy 

IN CERTAIN SILAGES, HAYS, AND MIXED RATIONS ‘ 

By F, W. Christensen, animal mdritionist, and T. H. Hopper, agricultural 
chemist, North Dakota Agricultural Experhyient Station ^ 

INTRODUCTION 

Investigation of the nutritive value of livestock feeds is a study of 
perennial importance. The studies herein reported were made to 
determine the nutritive value of sweetclover-oat straw silage, sweet- 
clover silage, sunflower silage, corn silage, first and second cuttings, 
of sweetclover hay, sweetclover stems, and wild oats (Amnafatua L.). 
In certain cases the feeds mentioned were supplemented. The corn 
silage also served as a standard of comparision in comparative feeding 
trials with groups of steers. All of the tests on sweetclover were on 
tbe common white variety (Melilotus alba Desr.). 

The first digestion trials were made with sheep in the winter and 
spring of 1923. During the fall and winter seasons of 1923-24 and 
1924-25 additional trials were made in which steers were used as 
experimental animals. The trials with steers included determination 
of the metabolizable energy in addition to digestibility of the feeds. 

EXPERIMENTAL ANIMALS 

Six western grade wethers were secured on the open market for tbe 
digestion trials with sheep. They were barn-fed and handled to 
tame them. 

In the cattle-feeding trials of 1923 and 1924, four good long-yearling 
steers of Shorthorn-Hereford breeding were used. They were about 
20 months old at the beginning and about 24 months at the end of the 
tests. They had been used the previous year in a study of the protein 
requirements of growing cattle and were therefore accustomed to the 
routine of metabolism trials. 

In 1924-25 good steer calves in which Hereford breeding predomi- 
nated were used. They were about 9 months old when the first test 
started and about 12 months at the close. 

For purposes of identification the letters A to F, inclusive, were used 
for the sheep; A~22 to D-22 for the steers used in 1923-24, and A-24 
to D-24 for the steers used in 1924-25. 

EQUIPMENT AND COLLECTION OF EXCRETA 

For the sheep a set of six individual hog-feeding crates were remod- 
elled by equipping them with suitable mangers and 5-pound butter j ars 
for water receptacles. The crates were large enough to permit con- 
siderable freedom in getting up and down but did not allow space for 
turning about. 

1 Received for publication August 6, 1937; issued October 1938, 

2 The authors acknowledge the assistance of L, L. Nesbitt, assistant agricultural chemist, in making the 
chemical analyses, and of R. G. Montgomery in feeding and caring for the animals. 
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Bags for collecting the feces were made from ordinary duck 
with a high grade of hospital-rubber sheeting. The bags were helH ^ 
place with a light harness. 

The feces were collected from the bags morning and ewenmg and the 
total for the 24-hour period taken to the chemical laborato^ where 
composite samples for the period were prepared and analyzed 
The feces and urme from the steers were collected by means ef 
rubber ducts and rubber funnels of types long used at the Institute oi 
Animal Nutrition of the Pennsylvania State College. The visiblp 

excreta were weighed daily and samples taken to the chemical labor 
atory for analysis. x^iuoi- 

WEIGHING AND SAMPLING OF FEEDS AND EXCRETA 

The sheep rations for the entire day were weighed up in the momino- 
and approximately one-half was fed in the morning and the remaindeT 
in the evemng. It was soon found that individual sheep differed 
greatly m their likes and dislikes for the silages and hays and also in 
their capacities for feed consumption. Attempts to ^eed uniform 
rations to the sheep on a given feed proved futile, consequently an 
attempt was made to adjust the rations as nearly as possible to^ the 
appetite of the mdividual sheep. This attempt was only partiahy 
evidenced by the rations offered and the feed residues 

In the trials with steers the dry hays and concentrates were weie:hed 
tim^ ^TheW^^^ tbe entoe trial and samples were taken at^hat 
time. The hays were weighed into canvas bags and the concentrates 

wehrhevTo^fff^^^^ the silages were fed, enough was 

weighed out for each day and approximately one-half was fed in the 
morning and the other half in the evening Samples S the TilSe 
were taken daily as the rations were weighed out. All samnles 

ffram*hu?bf^t£^+^® ^f^s and feces were weighed to the nearest 
teSs scales with beams graduated in 

tenths and hundredths of a pound were used and feeds and excreta 
were weighed to hundredths of a pound. 

METHODS OF CHEMICAL ANALYSIS 

The chemical analyses of the feeds, feed residues, and feces for 
moisture, ash, crude protein (total nitrogen X 6.25), true protein 
^ extract, Ind crude fiberS 

Methods nf ti!® total mtrogen were made by the official 

methods of the Association of Official Agricultural Chemists The 

saSiffi f ®®P trial® ^ere air-dried in a bulk- 

fresh nrixT«T.^^f sarnpled for analysis after grinding. The 
wftb t^TneT,r ^ fecal samples from the steer trials were preserved 
rmples were^ The fresh steer urine and fecal 

Sura and “^trogen, and the composites for 

driS ffi thThnfpl«£ i 7-^® composite fecal samples were 

gneg m th e bulk-sample drier for further analysis. 

(Reference is made by number (Italic) to Literature 
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The energy values were determined with a Parr adiabatic oxygen- 
bomb calorimeter observing all of the necessary corrections. Before 
combustion the urines were dried over sulphuric acid in vacuum 
desiccators, and the calorific values corrected for nitrogen lost on 
drying. 

METABOLISM TRIALS 

The metabolism trials included determinations of digestibility of 
the rations, and in the experiments with the steers included also 
nitrogen balances and energy determinations on feeds and visible 
excreta. The trials were 10 days in length except in some of those 
of 1924--25 where they were 18 days long with 9-day subperiods 
(a and b). The preliminary and transitional periods varied in length, 
but in no case was the preliminary period on the test ration less 
than 7 days and usually it was 10 days or more. In spite of care in 
adjusting the test ration to the appetites of the test animals, con- 
siderable feed was left uneaten in some of the trials. 

To facilitate the general account of the experiments, a schedule 
including dates of the preliminary and transitional feeding periods, 
dates of the metabolism periods, the trial numbers, the kind of 
animals used and their identification letters or numbers, and the 
kind of rations fed is given in table 1. 



Vpwo on^ ^ J ^ Uiviueu into suDpenods of 9 davs eae 
This -O-daj iieriod was divided into subperiods of 10 days each. 
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DESCRIPTION OF FEEDS 

The same general method was used each year in preparing the 
silage. The crops were chopped with the usual equipment and 
thoroughly packed in 25-ton concrete stave silos. About every other 
day for a week or 10 days after filling, water was sprinkled over the 
silage, and the material thoroughly packed at the top by tamping. 
The sweetclover was cut with a binder, leaving a stubble 8 to 10 inches 
high. 

One year the inside of the silos was coated with paraflSn in an 
experiment to determine whether or not this treatment would make 
it easier to remove the frozen silage from the walls. There was no 
apparent advantage from tliis treatment. Paraffin was also used for 
sealing the doors and the top of the silo. Sealing the doors with 
paraffin proved helpful in preventing spoilage around the doors of the 
experimental silos and it has been used regularly in later years. For 
sealing the silage at the top the paraffin proved unsatisfactory. 
Cracks formed in the paraffin as the silage settled and about the usual 
amount of spoilage occurred. 

SWEETCLOVER-OAT STRAW SILAGE (BUD STAGE) 

The sweetclover for the sweetclover-oat straw silage fed in trial 1 
was cut in the bud stage, when the plants were about 36 inches high. 
The freshly cut material as ensiled contained 17.6 percent of dry 
matter. The water content was reduced by adding, as the sweetclover 
was chopped, 1 part of dry oat {Arena sativa L.) straw to 5.5 parts of 
sweetclover. Considerable difficulty was experienced in obtaining a 
uniform mixture of the wet sweetclover and the dry oat straw, result- 
ing in some moldy spots found occasionally throughout the silo. 
These moldy portions were discarded so far as possible in feeding. 

SWEETCLOVER SILAGE (BUD STAGE) 

The silage made from sweetclover cut in the bud stage of growth 
was fed in trial 2. The moisture content was reduced by wilting and 
the material as ensiled contained 34.8 percent of dry matter. Un- 
favorable weather conditions delayed ensiling 14 days after cutting. 
The bundles were shocked and the sweetclover was in good condition 
ill spite of the adverse weather conditions. 

SWEETCLOVER SILAGE (EARLY BLOOM STAGE) 

The sweetclover silage of 1923, fed in trials 8 and 9, was made from 
sweetclover cut when the plants were 5 to 10 percent in blossom. 
The sweetclover was allowed to wilt in the field and when ensiled the 
material contained 33.9 percent of dry matter. 

The sweetclover for the 1924 early bloom stage of growth silage, 
winch was fed in trials 1 9 and 20, was allowed to wilt in the field until 
the leaves on the outer portion of the bundles were either dried or very 
much wilted and the stems considerably shrunken. Rain delayed 
ensiling. The first portion ensiled contained 22.1 percent and the 
second 26.5 percent of dry matter. The I'esulting silage was well- 
preserved, having an olive-green color and a strong sweetclover odor. 
In appearance and palatability it was better than the other sweetclover 
■silages., 
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SWEETCLOVER SILAGE (PULL BLOOM STAGE) 


The sweetclover for the silage of 1924 which wncs fori 4 ^, * • i 
and 11, was cut in full bloom aid allowed to wilt^thelTd Wbo'^ 
ensiled, it contamed 42.8 percent of dry matter. • 

SUNFLOWER SILAGE 

The Mammoth Russian sunflowers (Helianthus annuvus L ) for tKo 

The Mammoth Russian sunflowers for the silage made in 1 onri 
fed m tnals 12 and 13 were cut immediately aftefa M W froS when 
/5 percent of the plants had reached or passed the hloTsom staue^ofl 

third and sShlysIfte 

.3 ll'^erlSo? dSmSS' “““ 

CORN SILAGE 

fo 7-^® ,¥®rcer flint corn (Zea mays L.) for the silage made in 1922 onH 

flint com for the silage made in 1923 and fed in trials 

SWEETCLOVER HAY AND STEMS 

SS=S»a“iffiS-S;S-!' 

mill Sd IX tfZtp J^liSn M S ''‘"T” 

ShToS*' *“ !>“»>>■ oven^whenSyiementeS 

ALFALFA HAY 

.'^^®,®'tfalfa hay for the 1923-24 trials 19 11 12 ia ia 0^.1 1<7^ 
of fairly eood onalitir Kut -..roo ro, and 17) was 

*7“‘f l»»^bjtl,mewhatlSSginTS‘“‘* ■■ “■■ 

anrl 29 ll^^ (Mecficapo saliva L.) for the 1924-25 trials CIS 19 21 
a bitter cofor!^“®^^^* finer-stemmed Ld haW^ 
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CONCENTRATES 

Tlie linseed meal was the standard old-process product. 

The barley {Hordeum vulgare L.) (trial 19) and corn meal (trial 7) 
were of good feed grade. 

The wild oats^ (fed in trial 21), which are removed in cleaning 
wheat for milling and commonly ground and sold as ^^mill oats,” 
were found on analysis ^ to consist of 84.4 percent of wild oats, mostly 
dark color, 9.2 percent of cultivated oats, 4.9 percent of wheat 
{Triticum aestivum L.), 1.5 percent of barley, and a trace of rye 
{Secale cereale L.). They had a test weight of 37.5 pounds per bushel 
and a separation showed 65 percent of kernel and 35 percent of hulls 
by weight. 

COMPOSITION OF CROPS AND FEEDS 

The chemical composition of each of the green silage crops and the 
resulting silages, and of the alfalfa hay, sweetclover hay, sweetclover 
stems, and concentrates is given in table 2. The trial in which the 
feeds were fed is indicated by the trial number. 


^ The wild oats were from the same lot as those fed by Griswold ((p, p. IB). 

^ Analysis by P. J. Olson, assistant agronomist, North Dakota Agricultural Experiment Station. 
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It IS not possible to make close comparisons between the composition 
of the crop as it was ensi ed and the resulting silage because the Lmnie 
of the crops were taken to represent the material as it was put into £ 
Silo, either as a whole or as definite portions of the whole The 

taken for ft. digestion trials ieprS,ont only the silage'fed duShe 
trials and, consequently, they represent a rather Imhted porfifn of 

stnIiS^‘^diffe«nc‘S'"'‘‘“ 

The dry-matter content of the crops as compared to the silao-es 
varied considerably m some years and very little in others These 
variations probably resulted chiefly from differences in the quantities 
of water added at the top of the silos in packing the material and from 
kakages at the bottom. A comparison of the composition of the dry 
matter indicates that, m general, the ash was lower in the crop than 
m the silage. Similarly, the protein was usually lower in the cron thnn 
m the silage exceptmg the sunflowers of 1923 where the prSehi wa 
1 .42 percent higher in the crop than in the silage. With the eLention 
mentioned, the protein ranged from 0.19 to 1 80 percent lower f^ h 

wiTl S" V?" sweetclover of 1923 

w as 1.64 to -,.85 percent higher in the crop than m the silage, but in all 

f the other silages the crude fiber ranged from 0.21 to 6 11 percent 

irom 1.87 to 8.*.6 percent higher in the crop than in the silao-e excent 
m the early cutting of sweetclover, 1923, which showed 0 74 percent 
less in the crop The ether extract in the silage ranged from 0 54 to 
1.3w percent higher than the crop, except in the sunflower silaee 1923 

“sUavdy” ™ 

A comparison of the average composition of seven samples of sweet 

clover silage with the average of two samples of corn silage shows that 

moTc7utT-otl^1 contained 2.43 percent more asftl flsTercenI 

SoreetwSract percent 

more ecner extract, but 24.59 percent less of mtrogen-free extract 

A similar comparison of the average of two sunflower silaffes with 

the s^^eTmounts of ®^“^ 9 wer silage contained nearly 

as the co?“Se hnfuT and ether extract 

5,^u. more i 

I*-" “ -de“b?£ 

PROTEIN NITROGEN IN PERCENT OF TOTAL NITROGEN IN CROPS AND IN SILAGES 

be?of f protein and nonprotein nitrogen made on a num- 

were brokS ?ow^ considerable amounts of protein 
changes is Show^m^^^^^^^ ^he extent of these 

given in nercenfi^D-A nf i to-We the protein nitrogen is 

ranged from 57 02 to 86 IQ Protein nitrogen in the crops 
theS^^S Me silages 

sSowm tot23l“Se?t SI?® Tif 

• ^ P®^ac“* im *be early bloom sweetclover of 1923. 
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Table 3 . — Protein nitrogen as 'percentage of total nitrogen in crops and in silages 


Kind of crop 

Crop 

Silage 

Difference 

Year 

Percent 

Trial No. 

Percent 

Sweetelover, early bloom 

1923 

66.81 

1-23 

34. 50 

Percent 

32. 31 

Sweetclover, full bloom 

1923 

61. 17 

2-23 

39. 51 

21.66 

Sweetelover, early bloom 

1924 

1 57. 02 

3-24 

2 37.41 

19. 61 

Sundowner - 

1923 

1 74. 72 

3-23 

60. 75 

13. 97 

Corn fodder, green„ 

1923 

86. 19 

4-23 

59.28 

26. 91 


1 Average of 2 analyses. 

2 Average of 4 analyses. 


DIGESTIBILITY OP THE SILAGES 

The rations fed, feed residues and feces collected, and the detailed 
data on the digestibility of the nutrients in the silages are given in 
table 4. _ Data showing the cornposition of the feed residues and feces 
in the trials are omitted. Their composition, if desired, can readily 
be computed from the tables on digestibility. The data on the digesti- 
bility of other feeds and rations are given in succeeding tables. The 
digestion coefficients determined in the trials are summarized in table 
7 and a discussion of the results appears in connection with it. 
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digestibility of alfalfa hay, sweetclover hay, and 
SWEETCLOVER STEMS 

Alfalfa liay was fed alone in some trials to furnish data for comparing 
trials the alfalfa formed a part of the mixed rations. The trials with 
sheep included some tests on sweetclover hay for comparison with 
alfalfa and with sweetclover silage. The detailed data on these trials 
are given in table 4 but the discussion of the data appears later in 
connection with the summary table 7. 

DIGESTIBILITY OF MIXED RATIONS 

In the metabolism trials of 1923-24 the silages were fed alone in 
its digestibility with sweetclover hay and sweetclover silage. In otner 
certain trials and in combination with alfalfa hay and linseed meal in 
other trials. ^ A ratio of 2 pounds of linseed meal to 5 pounds of alfalfa 
was maintained in all the trials where silages were fed. It was 
intended that the same ratio would be maintained in a trial with linseed 
meal and alfalfa alone, but this combination proved too laxative to 
feed in amounts sufficient for maintenance. The ratio was therefore 
changed to 2 pounds of linseed meal and 7 pounds of alfalfa. Two 
pounds of linseed meal per head furnished a surplus of protein in the 
rations containing the sweetclover silages, but it was fed to insure 
adequate protein in the rations containing corn silage. 

In the trials of 1924-25, sweetclover silage was fed alone and with 
2 pounds of alfalfa hay and 4 pounds of a concentrate mixture, consist- 
ing of 3 parts of ground barley and 1 part of linseed meal. The latter 
ration was similar to a ration fed in some other experiments. 

The detailed data on the digestibility of the mixed rations are given 
in table 5. 


100884-38- 



Sweetclover silage, early bloom Ijounds^.i 16.000 i 3.814 j 3.423] .391 i .790 i 1.280 
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See footnotes at end of table. 
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COEFFICIENTS OF DIGESTIBILITY, INDIRE^T^iT^^M^xJi^ 
Since the ratio of alfalfa hay to linseed topiI woe „ . 

diflerent trials of 1923-24, excepting trial 17 i?wic,T.n ^ the 

the digestibility of some of the^components of The Ed ® 

applying the coefficients of digestibSEf fTl ^ 

obtained with steers A-22 and B-22 in toiSl 8 andTn^tTTr^/^^^^®® 

steers C-22 and D-22 in trials 9 and 11 if of 

the digestibility of linseed meal and elffilfoTfo fo compute 

the ralio of 2 ti 6, respeftiveT, Se cSSeJte5h™?o “ 

applied to the data of steers A-22 and B-22 in trials 

computing, indirectly, the digestibilitv nf iLn n in 

silages. The digestiWlity oflhe IffiS meal 

aplyiug the determined coefficients of di^SibihtTTfTlfT^^*®?^ 

"°The digestibihty of the wilKts 

The coefficients thus computed are given in table 6. 

Table ^--Coefficients of digestibiUiy of feed constituents, indirectly computed 


12 


111 Anima 
>. No. 

Feeds 

Dry 

matte: 

Or- 
r ganic 
matte] 

Crud( 
pro- 
f tein 

" Orud^ 
fiber 

e N-free 
e.xtrac: 

* Ether 
t e.^tract 

A fC~22., 

. id-22 .. 

; } Alfalfa 5 parts and linseed meal 2 parts 

Percent 
f 60.6 
•1 61.5 

’ Perceni 

61.7 

62.8 

r Percent 
74.6 
76.8 

5 Percen 
38.6 
41.1 

t Percent 
i 70.5 

69. 8 

' Percent 
60.5 
66.9 

1 rC-22.. 


61,1 

62.3 

75.7 

39.9 

70.2 

63.7 

^ id-22 .. 

}Alfalfa 5 parts and linseed meal 2 parts. 

/ 61.9 
•1 61.6 

63.4 

62.5 

77.2 

77.0 

40.9 

39.1 

TO? 

69.9 

72.0 

75.1 

1 /a-22 .. 

Sunflower silaee. 

61.8 

63.0 

77.1 

40.0 

70.4 

73.6 

IB -22.. 


55.4 

51. 5 
52.5 

59.4 

50.1 

43.4 

46,0 

56.9 

59.0 

88. 5 
82.8 

/a-22 .. 

IB-22.. 

Corn silajCG-- 

55.2 

52.0 

54.8 

44.7 

58.0 

85.7 

Averasfe 

70. 6 
55.2 

72.9 

67. 9 

44.2 

45.9 

67.9 

1 61.4 

80.0 

72.8 

79. 3 

82. 3 

/C-22,. 

ID-22.. 

Linseed meal.. 

62. 9 

t 

70.4 

45.1 

64.7 

76.4 

80.8 

Average 

n;/. 1 
72.1 

68.2 

72.1 

79.7 

84.0 

2.5 

74.4 
72. 0 

88.3 

97.9 

/C-22.. 

Linseed meal. 

70.6 

7^ A 

70.2 

81.9 

-59.8 

73.2 

93.1 


Average 

72.3 

73. 9 
71.0 

84.9 ■ 
84.4 ■ 

-100.1 

-118.3 

75.8"' 

72.5 

105. 9 
110.6 

/a-22 .. 

Idnseed meal " 

72.9 

72.5 

84.7 - 

-109.2 

74.2 

108. 3 

IB-22,. . 

— do ... ” ------- 

Average 

71.5 

72.6 

~~70.6 

72.6 

85.3 - 

81.3 - 

-116.3 
-100. 2 

71.7 

76.0 

100.6 

97.1 

iA-22.. ' : 

Linseed meal.. ~ 

72. 1 

71.6 

83. 3 - 

-108. 3 

73. 9 

98.9 

IB-22-. . 

Average 

93.6 

64.7 

~9iT~ 

70.5 

~78. 4 " ~ 
77.6 

78. 7 '' 
34, 4 

118.2 “ 
71.9 

"""Si 

91.0 



79,1 ” 

82.1 

78. 0 

66.6 

95.1 

94.7 


Oet. 1, 1938 
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Table 6. — Coefficients of digestibility of feed constituents^ indirectly computed — Con. 


Trial 

No. 

! 

Animal 

No. 

Feeds 

Dry 

matter 

Or- 
ganic i 
matter 

Crude 

pro- 

tein 

Crude 

fiber 

N-free 

extract 

Ether 

extract 


fC-22-. 

\n-22 


Percent 
71.1 i 

Percent 

72.3 

Percent 

85.9 

Percent 

—116.9 

Percent 

76.8 

Percent 

94.3 

17 


60.3 

67.3 

80.0 

-187. 9 

65.1 

87.7 








65.7 

64.8 1 

83.0 

-152. 4 

71.0 

91.0 







72.1 

72.2 I 

82.2 

—74.6 

77.5 

73.1 

97.2 

97.8 



do 2 - — 

70.3 

69.8 

83,2 

-107.4 




19 

A-24-_ 

(B-24.. 

Barley 3 parts and linseed meal 1 part. 

69.9 

73.0 

71.4 

74.4 

69.3 

69.4 

25.3 

78.7 
■ 81.1 

60.3 

72.4 

19 

C-24 


76.0 

77.2 

76.7 

48.6 

82.0 

69.6 

ln-2411 


74.6 

76.0 

75.7 

29.8 

82.6 

72.4 








Average 

73.4 

74.8 

72.8 

36.4 

81.1 

68. 7 




21 

rA'-24-. 

Wild oats 

62.7 

64. 0 

73.6 

22. 3 

69.6 

93. 5 


do - 

59.6 

60.9 

71.3 

11.5 

50.6 

95.0 







Average 

61.2 

62.5 

72.5 

16.9 

GO. 1 

94. 3 





1 Average all trials. 

2 Average omitting trial No. 14. 


Eeference to table 6 shows that the average coefficients for alfalfa 
hay and linseed meal combined, as computed in trials 9 and 11, agree 
fairly with each other except for ether extract where the difference 
between the averages of the two trials is 10 percent. On the whole, 
these coeflB-cients for alfalfa 5 parts and linseed meal 2 parts are, as 
would be expected, slightly higher but similar to the^ coefficients 
directly determined in trial 17 for alfalfa 7 parts and linseed meal 
2 parts, table 7. 

The indirectly computed coefficients for sunflower silage, trial 12, 
steers A'“22 and B~22, agree within 3 percent of each other except 
for protein where the difference is 9.3 and for ether extract where the 
difference is 5.7. Compared to the single direct determination with 
steer C-22, trial 13, the indirectly computed coefficients are higher by 
5.2 for dry matter, 3.5 for organic matter, 10.9 for crude protein, 5.0 
for crude fiber, 0.8 for nitrogen-free extract and 13.2 for ether extract. 
Steer C~22 ate only enough sunflower silage to furnish 0.4 as much 
digestible crude protein and less than half as much digestible nutrients 
as are needed for maintenance on the basis of the feeding standards 
for maintenance ^proposed by Brody, Procter, and Ashworth (;0). 
Steers A“22 and B-*22, trial 12, consumed adequate amounts of pro- 
tein but their rations were a little low in digestible nutrients. The 
low protein consumption by steer C-22 may account in part for the 
low digestibility of the crude protein by this steer.^ 

The indirectly computed coefficients of digestibility for corn silage, 
steers A-22 and B-22, trial 14, differ by 15.4 for dry matter, 5.0 for 
organic matter, 1.7 for crude protein, 6.5 for crude fiber, 7.2 for nitro- 
gen-free extract and 3.0 for ether extract. The wide difference in the 
coefficients for dry matter may be due in part to unavoidable errors 
in apportioning the alfalfa, linseed meal, and corn silage in the feed 
residues, especially with steer B-22. Except for the dry matter, the 
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digestion coefficients show about the same degree of varia tinn 

those computed indirectly, those determined directly 

the averages of the two. airectiy, and between 

The computed digestion coefficients for linseed meal are ratbAr- , 
satisfactory, particularly the coefficients for crude fiber wS l 
negative by 100 or more in 7 out of 10 trials. If the 
14 are oimtted, the agreement among the coefficients for dJv mlS 
organic matter, crude protem, nitrogen-free extract and in 
degree, for the ether e^„t,’ is fai?ly sstisf“.’ “ he ?efaA™l“ 
smaU aniounts of linseed meal m the rations and thi low fiber coS 
of linseed meal tend to make the results somewhat uncertaS wS 

s-i 0 average digestion coefficients for linseed med 

are S3.2 for crude protem, —107 4 for crude fiber 7 q i r., 
free extract and 9718 for ether Street ’ 

SUMMARY OF DIGESTION COEFFICIENTS 

The average coefficients of digestibility for the different feed., nn,i 
mixed rations are summarized in table 7. ^nerent teeds and 

Merence to table 7 shows that the sweetclover-oat straw .,;ino-A 

rtisn^bl™*^* in ffigestibihty of all nutrients except crude fibir 

than the sweetclover silage from the same crop (1922) MiSn- 5 ^ 
parts of freshly cut sweetclover with 1 part of dry oat straw 
silage mLxturein which only 53.6 percent of the dr^mattS wislwret 
f ^ sweetclover sffage the inSon of the sTr«l' 

reduced the coefficients of digestibility of dry matter from 56 9 to 
orgamc matter from 56.6 to 35.1: crude prSn from 7 .fi ® 
nitrogen-free extract from 58.0 to 12.8: ethw extract from 

^^^comner'^^'^^T+b ^^® T^'^® remained virtually 'identical’ 

and ^"oKreSrrSrthlS “ 

sICK'Sh.^ digeatibiUtyof the sweet cW 

Tbif<,dno-ry ® than the silages of the two preceding years 

ffidinlf precldffig'yeaT ^TWeScr"^ palatability to the silages 
at first bvreither tbe^^beon hne sweetclover silages were not relished 
themlhej a^^ ^*®®^^' ^ut after acquiring a taste for 


Table 7.— -Summary of digestion-coefficient data for the various feeds 
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The trials covered 18 days, with 9-day subperiods. 

Digestibility indirectly computed. 

This 20-day period was divided into subperiods of 10 days each. 
Morrison (8). 
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J.t .II and the other ate leas ftS mai^toS^S Sn “cl‘ 
to com silage the sunflower silage gave notablv Inwar- 
cients for all nutrients except crudf Jro?Sn ^ 

+ 1 , gave distinctlv hiVtioT. rar. ff; • 

than the sweetclover or sunflower silages excpnt frZ r.v coefficients 

.I^or eomparison the average ■S^sStelS'hn" 5X'.rf"‘“' ■ 
trials as given by Morrison (5) are includS in fahll^ 
averages are higher for protein crude fiftor anu ■+ ^ Morrison’s 

but loier for ether 2ffi\han were ffc of t£ Sf 
tests recorded. ® bnseed-meal 

The wild oats fed in these trials were heavier tliAu ilia i 
weighing 37.5 pounds to the bushel PeTurataU + ® 

average coefficients for common or cultivated Mornson’s (5) 

lower except for ether extract Addif-dlfi + • T* ’ somewhat 

data cap I conBid^-erSrLnlfeTliTd'tr ">« 

apparent and “TRUE" DIGESTIBILITY OP PROTEIN 

low apparent™gdtfbili^ofThe OToteL^^ Erf nutritive ratios and 
that the low digdstibiHtTof the crdledVoW ^ 

real. When correction k made for the 

methods of either MitcheU (7) or Titu^fd by the 

does not vary greatly in the different ^ digestibility 

Table 8.- Apparent and “true” digestibility of protein v 

crops of 1923 


and alfalfa hay, 


Silage or hay 


Sweetclover silage _ 
Sunflovrer silage. 
Corn aSilaee 
Alfalfa hay":::::::; 


* Formula 2 . 



Digestibility of protein 


Trial No. 

Appar- 

True 

Nutri- 

tive 

ratio 


ent 

Mitchell 

Titus 1 

1;-— 

1 10 

8 

15 

17 

— 

Percent 

09.7 

73.3 
18.5 
50. 1 

69.4 

Percent 

86.7 
87.9 
82.0 

87.7 
88.1 

Percent 

85.5 

88.2 

82.7 

87.7 
89. 1 

3.4 

2.5 
11.0 
41.8 

3.0 


_ nmESTIBLE nutrients IN FEEDS 

diy-matter basis, are given ffi tabfe 9. ^ 
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Table 9. — Percentages of dry matter, digestible crude 'protein, and total digestible 

nutrients in feeds 


Feeds 


S weetclo ver-oat-straw silage.J 
Sweetclover silage, bud stage. 
Sweetclover silage, early ' 

bloom 

Sweetclover silage, full bloom 
Sweetclover silage, early 
bloom 

Average 

Sweetclover hay, first cut- 
ting, ground 

Sweetclover hay, second cut- 
ting, ground 

Average 

Sweetclover, chiefly stems, 
ground. 

Alfalfa hay — — 

Alfalfa hay 

Alfalfa hay 

Average- 

Sunflower silage. 

Sunflower silage. 


Average.. 

Corn silage 

Corn silage 

Corn silage 

Average-. 

Linseed meal A. 
Linseed meal L- 

Wild oats 

Oats, common 2 . 


! 

Year of 
experi- 
ment 

1 

Trial 

No. 

Experi- 

mental 

animals 

In- 

divid- 

ual 

trials 

As fed 

In dry matter 

Dry 

matter 

Digest- 

ible 

crude 

protein 

Total 
digest- 
ible nu- 
trients 

Digest- 

ible 

crude 

protein 

Total 
digest- 
ible nu- 
trients 




\Num- 









her 

Percent 

Percent 

Percent 

Percent 

Percent 

1922-23 

1 

Sheep— 

2 

21. 97 

1.6 

7.4 

7.3 

33.7 

1922-23 

2 

.-.do 

3 

34.78 

5.8 

18.6 

16.7 

53. 5 

1923-24 

8 

Steers— 

2 ■ 

33.47 

4.3 

18,6 

12.8 

55.6 

1923-24 

10 

— do-_. 

2 

32.66 

5.1 

18.1 

15.6 

55.4 

1924-25 

20 

-do--. 

4 

24.70 

4.4 

15.0 

17.9 

60,7 




11 

30.49 

4.9 

17.2 

16.2 

56.8 

1922-23 

5 

Sheep... 

1 

82.46 

10. 1 

41.3 

12.3 

50.1 

1922-23 

6 

-do,.-. 

2 

82.58 

11.6 

44.5 

14.0 

53.9 




3 

82.54 

11.1 

43.4 

13.4 

! 52.6 

1922-23 

7 

Sheep.— 

1 

85.33 

! 5.6 

36.4 

6.4 

42. 7 

1923-24 

16 

Steers... 

2 

84. 59 

9.8 

44. 7 

11.6 

52.8 

1924-25 

18 

...do— 

4 

84.81 

10. 2 

45.4 

12.1 

53.5 

1924-25 

22 

...do 

2 

85.34 

10.1 

46. 2 

11.8 

64.1 




8 

84.89 

10.1 

i 45.4 

11.9 

63.5 

1922-23 

3 

Sheep.— 

3 

26. 18 

1.4 

13.0 

5.3 

49,7 

1923-24 

12 

Steers... 

3 

26.05 

1. 1 

11.9 

4,2 

45.7 


and 









13 











6 

26.12 

1.3 

12.3 

4.8 

47.7 

1922-23 

4 

Sheep— 

3 

‘ 24.35 

1.7 

17.8 

7.0 

73. 1 

1923-24 

15 

Steers... 

i 2 

1 30.47 

1.3 

20.0 

4.3 

65.6 

1923-24 

14 

—do 

i 2 

1 30.47 

1.1 

21.0 

3.7 

68.7 




i 7 

! 27.85 

1.4 

19, 3 

5.3 

69.7 

1923-24 


Steers.— 

8 

88.49 

29.1 

67. 1 

32.9 

75.8 





91.3 

30.6 

78.2 

33.5 

85.7 

1924-25 

21 

— do.... 

! 2 

88. 07 

8.5 

64.2 

9.6 

61.6 





91.1 

9.4 

71.6 

10.3 

78.5 


1 Trials 9, n, 12, and 17. 

2 Morrison (8). 

From table 9 it is clear that the sweetclover-oat straw silage, trial 1, 
was decidedly lower in digestible protein and total digestible nutrients 
than the sweetclover silage made from the same crop, trial 2. Also, 
the table indicates clearly the importance ^ of considering the dry- 
matter content of silages in making comparisons of nutritive values. 
The sweetclover silages fed in trials 2, 8, and 10 had approximately 
the same dry-matter content, digestible protein, and total digestible 
nutrients on the fresh basis. The silage fed in trial 20 contained 8 to 
10 percent less dry matter and somewhat less total digestible nutrients 
than the three preceding silages, but, when compared on a dry-matter 
basis, this silage excelled the others in digestible protein and total 
digestible nutrients. Similarly, the com silage fed in trial 4, because 
of its high water content, contained less digestible protein and total 
digestible nutrients than the corn silage fed in trials 14 and 15, but, 
on a dry-matter basis, it was really superior. 
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When compared on a dry-matter basis, the sweetclover silages and 
hays are similar to the alfalfa hays in nutritive values, but the sweet- 
clover silages are, in general, a little higher in digestible protein and 
total digestible nutrients.^ Compared to the corn silages, the sweet- 
clover silages are much higher in digestible crude protein, Wt lower 
in total digestible nutrients. 

The sunflower silages contained about the same amounts of digesti- 
ble crude protein as the corn silages, but in total digestible nutrients 
they were much lower than the corn, and considerably lower than the 
sweetclover silages. Of the three silages tested, the sunflowers were 
the least palatable and the lowest in nutritive value. 

The corn silages used in these trials were made from Mercer flint 
com. At corresponding stages of maturity and yields they have the 
same composition and nutritive values as silages from dent com. 

The mixing of oat straw with the sweetclover to reduce the moisture 
content of the silage and aid in its preservation proved unsatisfactory. 
The silage had a very strong odor and was less palatable than the 
straight sweetclover silage. 

During a period of several years, sweetclover silage of good quality 
has been made at this station by allowing the sweetclover to wilt until 
it had a dry-matter content ranging from about 25 to 35 percent before 
ensiling it. By packing it thoroughly, the spoilage nas not been 
excessive and no evidences of so-called sweetclover poisoning have 
appeared. ^ The digestion trials here reported indicate that when 
allowance is made for differences in water content, the sweetclover 
silages have essentially the same nu^tive values as the green sweet- 
clover or the cured hay, so far as digestibility is concerned. Unless 
weather conditions are ideal it is very difficiilt to make sweetclover 
hay which is free from mold. With unfavorable weather conditions 
for haymaking, the silo provides a means for storing the sweetclover 
in a safe and usable form. Sweetclover silage is not as palatable as 
corn silage; in fact it is usually necessary to reduce other feeds at &st 
to induce stock to eat the silage. However, after becoming accus- 
tomed to it, they will eat it readily. In considering the value of 
sweetclover silage, its relatively high protein content is not to be 
ignored. 

Our experience with the Russian sunflower indicates that it has no 
particular merit as a silage crop in this section. The sunflower silage 
is less palatable than the sweetclover silage. 

The alfalfa hays fed in these trials represent good alfalfa hay in 
digestible crude protein and total digestible nutrients. 

The digestible crude protein in the linseed meal on a dry basis is 
nearly the same as the value given by Morrison (5), but the total 
digestible nutrients are about 10 percent lower. 

Since no values for wild oats have come to the authors^ attention, 
the values given by Morrison for common oats are included in table 9 
for comparison. Compared on a dry basis the wild oats contained 
nearly as much digestible crude protein as the common oats, but 
approximately 17 percent less of total digestible nutrients. 

AGE, LIVE WEIGHTS, AND DAILY NITROGEN BALANCES OF STEERS 

The actual age of the steers was not known, and the ages given in 
table 10 are only approximate. The average live weights were 
computed from three to five weights on successive days, immediately 
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before and after the trials. As the feeds and excreta were weighed 
on scales graduated in pounds and decimals of pounds, the nitrogen 
balances are also expressed decimally in pounds. The nitrogen 
balances were determined primarily for the energy data. 


Table 10. — Age of steers y live weights, and daily nitrogen balances 


steer 

Ap- 

proxi- 

mate 

age 

Average 

live 

weight 

Trial 

No. 

Feeds 

Feed 

Niti 

Feces 

■Ogen 

Urine 

Balance 

A-22 

B-22 

C-22 

D-22 

A-22 

B-22 

C-22 

D-22 

A-22 

B-22 

C-22 

A-22 

B-22 

C-22 

D-22 

A-22 

B-22 

C-22 

D~22 

A-24 

B-24 

C-24 

D-24 

A-24 

B-24 

C-24 

D-24 

A-24 

B-24 

C-24 

D-24 

A-24 

B-24 

C-24 

D-24 

Months 

21 

21 

20 

20 

22 

22 

21 

21 

23 

23 
22 

24 

24 
23 

23 

25 
25 

24 
24 

7.5 

7.6 
7.5 

7.5 

9.5 
9.5 
9.5 
9.5 

10.5 

10.5 

10. 6 

10.5 

11.6 

11.5 

11.6 
11.5 

Pounds 

902 

866 

828 

823 

912 

884 

833 

833 

884 

861 

792 

918 

877 

788 

807 

882 

874 

784 

801 

467 

456 

470 

428 

498 

504 

528 

466 

502 

513 

630 

484 

571 

579 

583 

540 

} « 

} » 

} '0 

} 

} 

13 

} “ 

} 

} 

} 

1 " 

1 " 

1 20 

} 

} 22 

Sweet clover silage, early bloom 

rSweetclover silage, early bloom al - 
1 falfa and linseed meal. 

Sweetclover silage, full bloom 

/Sweet clover silage, full bloom alfalfa 
t and linseed meal. 

/Sunflower silage, alfalfa, and linseed 
\ meal. 

Sunflower silage 

Corn silage, alfalfa, and linseed meal 

Corn silage 

Pounds 
/0. 3882 

1 .3923 
/ .4.583 

1 .4331 
/ .4256 

1 .4464 
f .3768 

1 .4125 
f . 2716 

1 .2716 
. 0820 
/ .2744 
\ .2504 
[ . 1200 

1 . 1212 
/ . 2513 

1 .2513 
/ .2723 

1 .2723 
f .2329 

J .2329 

1 .2329 

1 .2096 
f .2833 
) .2833 

1 .2833 

1 .2833 
.2308 

J .2308 

1 .2485 
i .2485 
/ . 2932 

1 .3334 
/ .2891 

1 .2981 

Pounds 
0. 1153 
.1227 
.1280 
.1158 
.1075 
. 1256 
.0936 
, 1021 
.0723 
.0767 
,0460 
.0908 
.0844 
. 0543 
.0663 
.0765 
. 0773 
,0648 
. 0714 
.0674 
.0704 
.0694 
, 0630 
.0733 
.0733 
. 0655 
. 0665 
.0469 
.0472 
. 0512 
.0507 
.0831 
.0977 
.0882 
.0889 

Pounds 
0. 2663 
.2572 
. 3066 
. 2953 
.2309 
.3516 
. 3057 
.3238 
. 1897 
.1925 1 
.0547 
.1633 
.1567 
. 0366 
. 0383 
.1982 
.1741 
. 1952 
.2078 
.1391 
,1605 
. 1378 
, 1401 
. 1782 
. 1743 
. 1771 
. 1763 
.1880 
. 1867 
.2040 
. 2057 
. 1615 
, 1864 
.1865 
. 1855 

Pounds 
+0. 0066 
+. 0124 
-f . 0237 
+.0220 
+.0872 
+. 0308 
0225 
-.0134 
+.0096 
+.0024 
-0187 
+.0203 
+. 0093 
+.0291 
+.0166 
0234 
-.0001 
+. 0123 
-.0069 
+.0264 
+. 0020 
+.0257 
+.0065 
+.0318 
+. 0357 
+.0407 
+.0405 
0041 
-. 0021 
-.0067 
-.0079 
+. 0486 
+.0493 
+. 0234 
+. 0237 

Alfalfa hay.. 

Alfalfa hay and linseed meal... 

Alfalfa hay 

Sweetclover, silage, alfalfa, and grain. 

Sweetclover silage 

Alfalfa hay and wild oats 

Alfalfa hay 


METABOLIZABLE ENERGY IN FEEDS AND RATIONS 

The gross energy in the feed, feces, and urine was determined 
directly by means of a Parr adiabatic oxygen-bomb calorimeter. 
According to Armsby (^), 100 g of carbohydrates digested by rumi- 
nants produce 4.5 g of methane, with an energy value of 60.1 calories 
which is equivalent to 272.6 calories or 0.2726 therm per pound. The 
latter value was used in computing the energy value of the methane. 
The energy in the urine was corrected for gain or loss of protein by 
the steers by use of Rubner^s value for protein nitrogen as employed 
by Armsby. The energy data on all the rations fed to steers are given 
in table 11. 

Armsby (1) has shown that there is a rather striking uniformity in 
the metabolizable energy per unit of digestible organic matter in feeds 
and rations. He summarized the values^ found by various investi- 
gators and found that in 73 individual trials with cattle the metab- 
olizable energy per pound of digestible organic matter in roughages 
ranged from 1.50 to 1.70 therms with an average of 1.60 therms. In 
31 trials the values for concentrates ranged from 1.72 to 2.20 therms 
with an average of 1.83 therms, and in 76 trials the values for mixed 
rations ranged from 1.58 to 1.87 therms with an average of 1.66 therms. 
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1 Ground barley, 3 partsj linseed meal, 1 part. 

2 Energy determination not made; sample lost. 
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No determinations of metabolizable energy on sweptr.lr.,. 

co^^aS sr s 

raiS S“ LK\““SrSS'S°hl 

1.75 therms for the mixed rations Tbp flvpS!!f^f^ to 

1.670 therms and for the mixed ratioS^ 1 689 thprS« ^°^gtiages is 
.744 therma for the 46 triale .ad M X"o“ 

lower value, namely; 1 pound of total lound a somewhat 

to 1.616 t^erme of meKlkable 

review by Kriss { 6 ), according to an editorial 

metabolizable ENEEGY in feeds and peed mixtueps 
COMPUTED INDIEECTLY ''•^^^lUEES, 

was compute^^dfrectlv^ for some ^fee^^ ‘^,^g®®tible organic matter 
to the computations of digestibilitv TLp mixtures similarly 

olizable energy of KermeaUri^j 9 sfeerT'o 
trate the method employed, the data of taKir?’ T 

an air-dry sweetclover residue of n ^ coirected for 

of fresh |lage, showThat ^ 0.73 pound 

clover silage containing; 7 37Q -nonnric! ^ pounds of sweet- 

digestibility of 58 6 percent tr?«Ts^o m a 

digestible organic matter SiTnilqrlxr ^ 4.324 pounds of 

alfalfa hay eaten contained 2 226 nm’ ^6 ^ pounds of 

The digestible mSnicTatter in fl?p digestible organic matter. 
Subtracting the ofganic^attpr of tL ration was 7.682 pounds, 

gives 1.132 pounX^TdlS^GKi ^ alfalfa from the total 

in the silage was determmpd^q« digestible organic matter 

alfalfa ha/ as 1 700 t“s trll if r ‘he 

digestible organic matter of the siWe a^d 

values, and adding; ^ive^ fu i? fbeir respective 

the silage and alfalS. SeducWtluf fern 13 ^hzable enerp in 

able energy in the total therms of metaboliz- 

metabolizable energy ifthe 1*132 nSi U) leaves Y.253 therms of 

in the linseed meS^ eatS or 1 or+n digestible organic matter 
organic matter. The results of Per pound of digestible 

m table 12 . *hese computations are summarized 
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Table 12.^ — Metabolizable energy per pound of digestible organic matter and per 
pound of total digestible nutrients infeeds and feed mixtures, computed indirectly 


Feeds 

Individual 

trials 

Metabolizable energy 

Per pound of digestible organic ’ 
matter 

Per pound 
of total 
digestible 
nutrients 

Maximum 

Minimum 

Average 

Linseed meal, all trials 

Linseed meal, omitting trial 14 

Barley 3 parts; linseed meal 1 part 

Wildcats 

Alfalfa 5 part*?; Imseed meal 2 parts 

wSunflower silage 

Number 

10 

8 

7 

2 

4 

2 

Therms 

2. 19 
2.19 

1. 72 
1.95 

1. 80 
1.83 

Therms 

1.70 

1.93 

1. 68 
1.88 

1.77 

1.78 

Therms 

1. 97 
2,03 
1.70 
1.92 
! 1.79 

1.81 

Therms 
1.72 
1.74 
1.62 
1. 86 
1.71 
1.70 


1 As steers A-22 and B-22, trial 14, gave considerably lower values, 1.74 and 1.70 therins per pound of 
digestible organic matter, respecitvely, this summary with these steers omitted is given. 


Armsby (1) gives values of 1.996 to 2.177 therms per pound of 
digestible organic matter in oil meals and materials high in protein. 
The values in table 12 agree with the lower values given by Armsby. 
The average value for barley 3 parts and linseed meal 1 part is close 
to the values directly determined for the roughages and mixed rations, 
Wt is slightly lower. ^ The value for the wild oats seems too high, 
but no reason can be given for this. The value for alfalfa 5 parts and 
linseed meal 2 parts is 1.79 therms, which is similar to the values 
obtained for mixed rations and is practically identical with the 
directly determined value of 1.779 therms for alfalfa hay 7 parts and 
linseed meal 2 parts (table 11), trial 17. The indirectly computed 
value for the sunflower silage is 1.81 therms compared to the single 
directly determined value of 1.67 therms (table 11), trial 13. The 
directly determined value for the sunflower silage is lower than the 
value for the other silages, but the indirectly computed values are 
higher. The differences between the directly determined and the 
computed values are undoubtedly due, at least in part, to applying 
the values obtained with one set of steers on a single feed to the data 
obtained with other steers on mixed rations. However, the data in 
general confirm Armsby’s observations on the uniformity of metaboliz- 
able energy in feeds per unit of digestible organic matter. 

SUMMARY 

In composition the silages made from sweetclover, sunflowers, and 
corn were generally higher in ash, crude protein, crude fiber, and ether 
extract, but lower in nitrogen-free extract than the crops when ensiled. 
The protein nitrogen ranged from 57.02 to 86.19 percent of the total 
nitrogen in the crops when ensiled and from 34.50 to 60.75 percent in 
the silages. 

Compared on a dry-matter basis, the sweetclover silages and hays 
resembled alfalfa hay in percentage of digestibility, digestible nutri- 
ents, and metabolizable energy; but the sweetclover silages averaged a 
little higher in digestible crude protein and total digestible nutrients. 
Mixing 1 part of dry oat straw with 5.5 parts of green sweetclover 
reduced the digestible crude protein 56 percent and total digestible 
nutrients 37 percent in the silage, on dry basis, as compared to the 
straight sweetclover silage from the same crop (table 9). 

On a dry basis (table 9), the straight sweetclover silage eontained 
an average of 16,2 percent of digestible protein and 56.8 percent of 
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total digestible nutrients, compared to 5.3 percent of digestible protein 
and 69.7 percent of total digestible nutrients in the corn silage. The 
sunflower silage contained 4.8 percent of digestible protein and 47.7 
percent of total digestible nutrients. 

The sunflower silages were less palatable than the sweetclover 
silages, and the sweetclover silages were less palatable than the corn 
silages. 

The linseed meal, dry basis, contained 32.9 percent of digestible 
protein and 75,8 percent of total digestible nutrients, compared to 
Morrison’s (8) averages of 33.5 and 85.7 percent, respectively, for old 
process linseed meal. 

The wild oats, dry basis, contained 9.6 percent of digestible protein 
and 61.6 percent of total digestible nutrients, compared to Morrison’s 
averages of 10.3 and 78.5 percent, respectively, for common oats. 

The metabolizable energy per pound of digestible organic matter in 
the different feeds and rations was fairly uniform. The average of 25 
individual determinations on roughages was 1.737 therms per pound 
and 1.767 therms for 21 mixed rations, compared to 1.60 therms for 
roughages and 1.66 therms for mixed rations, as given by Armsby (i). 
The computed values for linseed meal and other concentrates are 
similar to Armsby’ s values. 

In 25 individual trials the average metabolizable energy per pound 
of total digestible nutrients was 1.670 therms, and in 21 trials on 
mixed rations, it was 1.689 therms. 
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the relation of color and carotene content 

OF ROUGHAGE IN THE DAIRY RATION TO THE COLOR, 
CAROTENE CONTENT, AND VITAMIN A ACTIVITY OF 
BUTTERFATi 

By R. E- Hodgson, agent j Bureau of Dairy Industry^ United States Department of 
'Agriculture, and assistant dairy husbandman, Washington Agricultural Experi- 
ment Station; J. G. Knott, associate dairy husbandman, and H. K. Murer. 
research dairy chemist, Washington Agricultural Experiment Station; and R. R. 
Graves, chief, Division of Dairy Cattle Breeding, Feeding, and Management, 
Bureau of Dairy Industry, United States Department of Agriculture ^ 

INTRODUCTION AND REVIEW OF LITERATURE 

In western Washington the majority of the pastures remain green 
and the grasses grow fairly rapidly throughout the summer. This 
insures a relatively high carotene consumption by dairy cows during 
the summer. In the winter, however, much of the hay fed is of inferior 
quality and of poor color and low carotene content, even though 
it is made from material originally liigh in color and carotene. 

It is evident from research by Meigs and Converse {16),^ Hart and 
Guilbert (5), and Guilbert and Hart (S) that dairy cattle require 
vitamin A or carotene in the ration for the purpose of sustaining 
normal health, growth, and reproduction. Kennedy and Butcher 
{IS) were among the first to report that the vitamin A value of milk 
is influenced by the vitamin A value of the feed, an observation which 
has since been confirmed by numerous investigators. 

Moore {17) has shown that the cow converts carotene into vita- 
min A. The vitamin A activity of roughage in general has been shown 
to be related to its carotene content. Guilbert (7) has used the caro- 
tene analysis as a measure of vitamin A activity. 

Since the roughage part of the dairy ration is the principal source of 
the carotene or vitamin A factor, farmers must guard against destruc- 
tion of the carotene in providing roughages for their herds. Krauss 
(/4)j Watson {26), and others have shown that pasture is potent in 
the vitamin A factor and produces a milk of high vitamin A activity. 
The carotene content of roughages may vary considerably. Some 
of the more important factors causing variations in carotene content 
or in vitamin A activity are stage of maturity (4, 12), method of dry- 
ing {10, 20), variety of plant (11, IS), and storage {S), 

Eussell and associates {21) and others have shown that silage may 
be a good source of vitamin A in the dairy ration. Peterson and 
coworkers (I^) reported that the feeding of A. I. V. silage to^ cows 
produced a materially higher carotene and vitamin A content in the 
milk than did a check ration containing no silage. 

1 Received for publication April 19, 1938, issued October, 1938. Scientific paper No. 367, College of Agri- 
culture and Agricultural Experiment Station, State College of Washington. 

2 The writers wish to acknowledge the cooperation in this work of V. L. Miller, chemist. Western Wash- 
ing Experiment Station, and the cooperation of the Bureau of Agricultural Economics, U. S. Department 
of Agriculture. 

2 Italic numbers in parentheses refer to Literature Cited, p. 627. 
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(grazed5rMd?cuS hly S^from grass 

tures, silage made from the erass nod pass and clover mix- 

from oats\nd peas. ^ ® “fixtures, and sUage made 

drS'off md°ArSowed *■> dew had 

after which it was rS „d col* '^£T ““ thorooghly wflted 
until It was dry enough to be stored in NiaY ®”^^rned in the cock 
made it necessary to turn the cocks to sometimes 

of mal^g hay approximated S Themethod 

The first year the forocyA * ■#. ^ in this section. 

it was put into the sdo. ®The s^crad vm¥po^T ’^®f°re 

ately after the forage was cut ensiling was begun immedi- 

silo and in the “stack” silo as made both in the ordinary 

mves&^nolflSSjtoSevJLt't ‘“"S “o'* “ • goacral 

were being fed Te -Jr 

the wnnter one group of 10 cows wJL 1 ^ ^ experiments. In 
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10 COWS was fed a r/ifinn a third group of 
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freshly churned butter was melted at 60°, centrifuged, and the pure 
fat decanted into glass containers. These samples were analyzed for 
carotene and color and fed to rats to determine their yitamin A value. 

All samples of feed and butterfat were frozen as soon after they 
were taken as possible. The samples were packed in solid carbon 
dioxide and held in it, or at —20° 0. or below, until prepared for 
analysis. 

Carotene determinations were made on duplicate samples of the 
feed by a modification of the methods of Schertz {22) and Miller (16). 
The first extraction of the pigments was made by grinding the samples 
in a ball mill from which the air was excluded with carbon dioxide. 
The samples -were covered with acetone during the grinding and the 
apparatus was kept at 0° C. throughout the process. After the 
samples were ground the extractions were completed with acetone and 
ether. The pigment concentration, after fractionation, was deter- 
mined by means of an Exton-photoelectric scopometer previously 
calibrated with pure beta-carotene. The pigments were extracted 
from the butterfat with ethyl ether after saponification. The pig- 
ments were then fractionated and determined in the same manner as 
for the feeds. The color determinations both of the feed and the 
butterfat were made by the Bureau of Agricultural Economics, United 
vStates Department of Agriculture according to the method described 
by Nickerson (18). 

" Three experiments were run to determine the vitamin A value of the 
butterfat. Experiment, ! was conducted in the winter of 1934 on 
samples of butterfat produced by cows on the hay alone, on the silage 
alone, and on the hay and silage. Experiment 2 was conducted in 
the summer of 1935 on samples of butterfat produced by cows on 
pasture. Experiment 3 was conducted in the winter of 1935, and 
duplicated experiment 1. 

Determinations of the vitamin A value of the butterfat samples 
were made by a modified Sherman (24) technique, as follows: Young 
albino rats from mothers receiving a diet with a standardized vitamin 
A content were used in each experiment. After 21 days of age they 
were maintained on a vitamin A-free diet consisting of heated casein, 
18 percent; dry yeast, 10 percent; Osborne and Mendel salt mixture, 

4 percent; sodium chloride, 1 percent; and heated cornstarch, 67 per- 
cent. The casein was heated for 108 hours at 105° 0. Vitamin D 
was supplied by the addition of 0.02 percent of 250 D viosterol. When 
the animals were depleted of their body stores of vitamin A, as indi- 
cated by a stationary or declining weight for 4 consecutive days, they 
were placed in individual cages and the basal ration was supplemented 
with a butterfat sample, fed twice a week over a period of 5 weeks. 
The butterfat was fed on watch crystals. The rats were distributed 
among the various groups according to the suggestions of Sherman 
and Burtis (^^). With each experiment a representative group of 
rats was maintained on the basal diet as a negative control. 

In the second and third experiments the technique was modifiedTo 
include in each experiment two representative groups of rats^ which 
received supplements of the U. S. P. x (1934) reference cod-liver oil 
(^5) contaming 3,000 units of vitanain A per gram, mixed in coconut 
oil. The reference oil was given twice a week directly into the mouth 
by means of a syringe. In each experiment, one lot was fed at the 
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dav ° Th’!^ i-ate of 2.00 

^ 1j' • reference mixtures were made im i n A per 

held m a refrigerator between feeding periods. ^ 

experimental results 

stu^l ^ Sd of th?h^lid SS?iratio? 

study of the realtion between the carofetl. 

the color and carotene of the butterSt " and 

-Pasture grass sample Nos 1 9 ^-n a q t . 

and Nos. 4, 5, and enduring 1935 ’ H^y orsihS 1934 
elusive, represent the 1934 crop and ^mnle-? fi +n i f ® ^ 

sent the 1935 crop. Sample Xr 4 TX n *?i ^^^olusive, repre- 
made from oats and peaTtL xeminl^L.^^ were siko*e 

same type of material as was the hay. ^ tSe 

The rel!iSSS^™7hesi°hiSffA5i'S the'f* **'“ *"‘T- 

LSiS ‘AA S^otenl coSt tT'‘ “i”‘'=Vm-Si 

lowest to the highest. ontent, m descending order from the 

of the ha^'Snrifa cMoteiTfo^i the green color 

higher the carotene content wvj. the color the 

factors was not consistent. ’ relationship between these 

bet 

between the carotene content of the butterfa^dits^color.*®’’^^*’ nor 

“ a.. 

HOME-GEOWK HAY 


Sample No J 


4 ,.. 

5 1’lIIII"" 




S-...''"""’”"" - --- 

7... 

, — . 


10 __. 

,H— 

---iiii: 


^ean. 




Roughage 

Butterfat 

Color 2 

Carotene 
content per 
gram (dry- 
matter basis) 

Carotene 
content per 
gram (dry- 
matter basis) 

Color in- 
dex chroma 
reading 

Percerd 

34 

39 
32 
41 

40 

52 
60 
59 

53 
52 
46 
55 

Mkrograrns 

8 

9 

12 

' 12 

13 

16 

17 

17 

18 

18 

19 

19 

MKTogmm^ 
2.6 
2.8 , 

! 2.8 

3. 0 
3.0 

4.5 
4.3 
4.2 

3.6 

4. 5 

3.7 

3.6 

4.7 

3.9 

5. 0 

1 4.3 

4.2 

4.9 

4.4 

5.5 
5.0 

4.6 
4.6 

4. 6 

-■ — — 

14.8 

3.55 

4. 64 


^ Indicate.S! 


i, i!, and 3 were faVAn inoJ samples 6 to 12 inc^iriJrZ '^ ^ ana siiago 

percentage of the nSr5 Seen^wlor ^ represent the 1935 crop. 
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Table 1 . — Relation of the color and carotene content of roughage to the color and 
carotene content of hutterfat produced by cows on the different rations — Continued 

HAY AND SILAGE 



Eoughage 

Butterfat 

Sample No. 

Color 

Carotene 
content per 
gram (dry- 
matter basis) 

Carotene 
content per 
gram (dry- 
matter basis) 

Color in- 
dex chroma 
reading 


Percent 

Micrograms 

31 

Mkrograms 

7.3 

6.1 

li - 


41 

5.6 

5.9 



43 

7.2 

6.2 

8 - 


45 

7.5 

5.9 

12 - 


49 

5.9 

5.8 

7 


50 

8.0 

6.1 

4 


54 

6.0 

5.3 

1 - 


56 

6.0 

5.2 

2 - — 


58 

6.0 

5.8 

5 


75 

5.9 

5. 3 

6 


87 

7.9 

6.0 

3 


95 

5.2 

5.3 




Mean 


57.0 

6. 64 

5. 66 





SILAGE 


1 


107 

6.4 

5.7 

4 


109 

6.5 

5.6 

2 


134 

6.4 

5.8 

5 

1 

156 

6.0 

6.0 

10.... . 


157 

7. 6 

6.2 

3 - 


199 

5.1 

6.0 

11 


205 

f). 8 

5.5 

9 


233 

6.7 

5.7 

8. 


251 

6. 1 

5.8 

12 ■ 


260 

1 ■ 7.2 

6.0 

7 


268 

i 8. 2 

5.8 

6 


288 

8.3 

6.3 

Mean 


197. 3 

6. 77 

1 ^ 


PASTIJEE 


2 


220 

7.4 

6.0 



256 

7.6 

5.4 

— - 

6 


258 

9.1 

6.0 

1 


266 

6.5 

5.9 

5 


273 

8.1 

5.8 

4._. 


286 

8.7 

5.7 

Mean__._._-- : 


260.0 

7.9 

5.8 


'^o^rnal of Agricultural Research 

— ^'Ov7 

Cornparison of the average values howpvpr 
carotene content of the ration increased thlrJ 4s anlLrl^* 
carotene and color of the butterfat. The increase 
was not m direct proportion to the increase fn the Stion 
The average carotene content of the pasture e-ra^Q 
as high as that of the hay ration: the fifaS 

and the hay and silage was 3 8 times as Iwl.- times as high; 

content of the butte§at produced on pasture the carotene 

s sx^id 2f -- s 

A_ summary of the observations during: the 2 veoT ^ ■ i 

feedmg period shows the relative effSt44x nf lut 

fed^^^^P®® “i butterfat with a high carotenelifntent 

led. S/S tli6 sol6 rstion. Cousidt^rinp’ p wIigh 

gpo™ field-op^pd hay aa l-oTfcpXSXStaT^l Xfc 

Roughage, and its treatment; Uelatke carotene 

nay, home-grown, field-cured. of the bvMerfat 

Hay, plus oat and pea silage (silo) t -00 

Grass silage (silo).... ^ ^ -1.75 

Hay, plus grass silage (silo) _ ' ' ' - 1. 88 

Oat and pea silage (silo) " --——1.90 

Hay, plus grass silage (stack) 1-99 

Grass silage (stack)... 2.00 

Pasture grass (grazed)..... .iiX'y -- 2 . 07 

tromteXeTyp7„TX mawSS'* 

same time, the hay SSn^f 

This would indicate that the haymakL? Sd’w 

were very destructive to carotene^ hay-stormg practices 

silages studied would appear to content of the 

effective way to produce feeds o £f® ^ 

feeding. proauce leeds of high carotene content for winter 

ingested carote4^hat^fl4^^ possible to calculate the percentage of 
Table 2 sW ?he ™e d^r unchanged, 

hay ration, the silage ratfon an^*Gfp*h^^ intake by the cows on the 

percentage of the carotene intaVA ration, also the 

butterfat carotene mtake that was recovered as such in the 

percentage of the’ intak^ that |?x tbe lower the 

fet. FurthenSre at anv evi unchanged to the butter- 

transmitted is very small ^ Even in tbe rotake the percentage 
age daily consumption of carotene wit the aver- 

1934 trials, table 2) theDereen+a^fi^^® as low as 147 mg per day (see 
The. average caroteS c?S was less than 1 pereent. 

less in 1934 than in 1935 TIip 7-kAT'r.ri + silage was much 

mitted unchanged t6 the ^ 

somewhat lower than the n ATP ’ indicated by this study, while 
ciate. (/), J"tXpX S‘S* ported ”5' ^“"“““>0 “ooo- 


CAROTENE CONTENT OF BUTTERFAT PER GRAM (MICROGRAMS) 


Oct. 1, 1938 


Relation of Roughage in Dairy Ration to Butterfat 


519 



Ficjure 1. —Relation of carotene content of butterfat to its color. 



Average-.---.- 9 7.46 17.7 132.0 4.37 237 1,038.2 1,170.2 . 342 7.0 2.42 
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CAROTENE INTAKE TRANSMITTED 
TO BUTTERFAT (PERCENT) 

Figure 2. — Relation between daily carotene intake and the percentage of 
the intake transmitted to butterfat in the form of carotene, based on 36 
observations. 

Table 3 shows the growth made by rats fed different amounts of the 
different samples of butterfat, also the apparent vitamin A activity of 
each sample. The vitamin A activity was calculated on the basis of 
the average growth made by reference groups of rats in experiments 
2 and 3 that were fed a known number of vitamin A units in U. S. P.x 
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reference oil. In each of the three experiments representative groups 
of animals were maintained on the basal diet as negative controls. 
In the first experiment seven rats survived an average of 11 days and 
lost an average of 9 g. In the second experiment 10 rats survived an 
average of 15 days and lost 17 g. In the third experiment seven rats 
survived an average of 15 days and lost 19 g. 

Table 3 . — Vitamin A content of hutterfat produced by cows on different roughage 
rations, as determined on the basis of U. S. P.x (19S4) reference [cod-liver oil and 
also by the Sherman unit growth method 


EXPERIMENT 1 (1934) 


Ration fed to 
cows produc- 
ing the but- 
terfat 

Experi- 
mental rats 

Amount 
of butter- 
fat fed 
daily 

Average 
gain per 
rat in 

Eactor 
for gain 
per unit 

Vitamin 
A fed in 
butterfat 

Vitamin A per 
gram of butter- 
fat by— 

Decrease 
by U. S. P.x 

Lot 

No. 

Per 

lot 

5-week 

period 

of vita- 
min A 

or cod- 
liver oil 

U. S. P.x 
method 

Sherman 

method 

method 



Num~ 

ber 

10 

Milli- 
grams \ 
40 

Grams 

36.6 

Grams 

1 0. 575 

Units 

63. 6 

Units 

45.5 

Units 

60.8 

Units 
5. 3 

Per- 

cent 

10.4 

Hay 


9 

80 

64.0 

i . 575 

111.3 

39.8 

44. 5 

4.7 

10. 6 

1 3 

10 

160 

83.1 

1 . 575 

144. 5 

25.8 

28. 9 

3. 1 

10. 7 


\ 5 

10 

40 

61. 0 

1 .575 

106. 1 

75. 8 

84.8 

9.0 

10. 6 

Silage.. 

9 

80 

82.7 

i . 576 

143.8 

51.4 

57. 4 

6. 0 

10. 5 

1 . 6 

11 

160 

101.2 

1 . 575 

176. 0 

31.4 

35.1 

3.7 

10.5 


( 7 

9 

40 

60.3 

1 . 575 

104.9 

74.9 

S3. 8 

8.9 

10.6 

Hay and silage. 

8 

10 

80 

81.4 

1 . 575 

141. 6 

50.6 

56. 5 

5.9 

10. i 

1, 9 

10 

160 

89.0 

i . 575 

154.8 

27. 6 

30.9 

3. 3 

10. 7 


EXPERIMENT 2 (1935) 



f 1 

9 

10 

7.1 

2 0. 595 

11.9 

34.0 

'39.4 

5.4 

13. 7 

Pasture 

J 2 

9 

20 

43.8 

2.595 

73.6 

105. 1 

122. 0 

16.9 

13.9 


1 3 

10 

40 

63.8 

2 . 595 

107.2 

76.6 

88.5 

11,9 

13.5 


3 4 

10 

( 4 ) 

30.7 

.600 

60.5 






35 

10 

(^) 

41.0 

.590 

70.0 


J 

1 1 


1 


EXPERIMENT 3 (1935) 


Hay 

r 1 

8 

21.5 

9.1 

6 0. 555 

16.4 

21.8 

23. 5 

1.7 

7.2 

1 2 

8 

43.0 

46. 5 

8.555 

83.8 

55.9 

60.1 

4.2 

7.0 

Silage 

/ 3 j 

8 

21.5 

49.2 

8 . 555 

88.6 

117. 8 

■ 127. 1 

9.3 

7.3 

1 4 

8' 

43.0 

76.8 

8 . 555 

138.4 

92.3 

99.2 

6.9 

7.0 

Hay and silage. 

f 6 

7 

21. 5 

40.4 

8.555 

72.8 

96.8 

104. 2 

. 7.4 

7,1 

1 6 

8 

43.0 

90. 8 

8 .555 

163.6 

109. 1 

117.2 

8.1 

6.9 


3 7 

7 

( 4 ) 

25. 3 

.510 

50.5 






38 

7 

(®) 

41. 7 

,600 

70.0 






1 Based on the average of the factors for gain per unit of vitamin A by lots 4 and 6 in experiment 2 and 
lots 7 and 8 in experiment 3. 

2 Based on the average of the factors for gain per unit of vitamin A by lots 4 and 5 in experiment 2. 

3 Received known amounts of vitamin A in the form of U. S. P.x reference cod-liver oil. 

^ Received 1.43 units of vitamin A daily in cod-liver oil. 

‘ Received 2.00 units of vitamin A daily in cod-liver oil. 

® Based on the average of the factors for gain per unit of vitamin A by lots 7 and 8 in experiment 3. 

As shown in table 3, the vitamin A values for the experiments were 
calculated by both the Sherman weight-gain method and the U. S. 
P.x reference oil method. The vitainin A values for the butterfat 
were approximately 14 percent lower in experiment 2 and 7 percent 
lower in experiment 3 when calculated by the U. S. P.x method. 

There was a high degree of uniformity in the growth response by the 
reference groups in experiments 2 and 3. In experiment 2, lots 4 and 5 
gained 0 .60 and 0.59 g, respectively , in the 5-week period, or an average 
of 0.595 g per unit of vitamin A fed in cod-liver oil. In experiment 3, 
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lots 7 and 8 gained 0.51 and 0.60 g, resnectivelv n. 

0.^5 g per unit of vitamin A fed. The averas-e for ®''^®rage of 
lots was 0.5p g. This factor was used r^blsis iSnf 

Vitamin A values in experiment 1 calculating the 

teifat fed. Therefore, the XjSLTvfvTSrA 

terfats produced on the different roukage ratiOTs^h«?K^^V.of the but- 

by selecting from table 3 the group! of mts 

response most closely approxLatLg thft of tL^ roW ^ 

Table 4 shows the average vitamin A activitv of h,t/ 


Kation fed to cows producing 
the butterfat 


Experi- 
ment No. 


Hay 

Average... 
Hay and silage.. 
Average..., 


Silage., 


Average.... 

Pasture 


Lot No. 


Rats per 
lot 


Number 

10 


Amount 
of but- 
terfat fed 
daily 


grams 

40 

43 


Average 
gain per 
rat in 5- 
week 
period 


Grams 

36.6 

46.5 


40 

21.6 


60.3 

40.4 


40 

21.5 


20 


61.0 

49.2 


43.8 


Gain per 
unit of 
vitamin 
A by ref- 
ference 
groups 


Grams 
0. 575 
.555 


.575 

.555 


.575 

.555 


.595 


Vitamin 
A per 
gram of 
butterfat 


Xlnits 


45 


75 

97 


76 

118 


97 


105 


produced butterfat 1 9 times^as bict ration; while the silage 

sJage 17 times.as high afthe the hay afd 

produced on the^varfouTrations ^ P®^ ®®'«" in the butterfat 

1934) units, was approSmatelTts nnn^^ U. S. P. x (revised 

28,000 for the cows on the hav ind^Sw ®“,the hay ration, 

cows on the aU silage ration' ^ ^ silage ration, and 32,000 for the 

content of buttSt tS^afidtami^^A relationship of the carotene 
0.6 microgram of carotene has been ^ activity. For this purpose 
T. X (revised 1934) unit of ®n® U- S. 

’^?®\9nestionedinthe case ofbuttSafr^'i?^® equivalence has 
which show a rather constant relative figures 

activity in the butterfat. It annpnrTtw'^^^^® content to vitamin A 
carotene in the ration these <mw« ® i"^® ^®^®nnt of 

ratio of carotene to total rdtamin ASiTL thj? bSSaS™*™* 
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Table 5.— Average carotene content of butterfat 'produced on four different roughage 
rations, and the percentage of total vitamin activity in the butterfat attributable to 
the carotene in the butterfat 


Kation fed to cows producing the butterfat 

Experiment 

No. 

Average 
carotene 
content of 
butterfat 
per gram 

Vitamin A attributed to 
carotene in butterfat 

Total vita- 
min A ac- 
tivity of 
butterfat 


{ J 

Micrograms ; 
2. 83 
4.05 

Units i 

4.7 

6.7 

Percent 

10.35 

11.96 

Units 

45 

56 



3.44 

5.7 

11.16 

50 

Hay and silag*^' . 


- 

5.71 
7. 33 

9.5 

12.2 

12. 68 

75 

97 

Average 



6. 52 

10.8 

12. 68 

86 

Silage ------ - - ------ 


{ 3 

■ 5. 94 

6. 77 

9.9 

11.3 

13. 06 
9, 58 

76 

118 

Average 


6.36 

10.6 

11. 32 

97 

Pasture - - - 


2 

8.63 

14.4 

13. 71 

105 



1 0.6 microgram of carotene considered equivalent to 1 U. S. P. x (revised 1934) unit of vitamin A. 


The vitamin A activity of the butterfats did not follow proportion- 
ately the increase in the carotene content of the several rations. The 
same is true of the vitamin A activity with respect to the color of the 
butterfat. The ratio of the carotene content of the butterfat and its 
vitamin A activity remained practically constant for each of the four 
rations. While a high carotene content of the roughage and a high 
color content of the butterfat indicated a high vitamin A value, they 
were much less indicative of the vitamin A value than the carotene 
content of the butterfat. The carotene content of the feed may indi- 
cate in general the carotene content, or vitamin A activity, of the 
butterfat but it is not an accurate measure. 

During the course of this experiment one of the three groups of 10 
cows was maintained throughout two winters of 181 and 182 days 
duration, respectively, on an all-hay ration, with no evidence of vitamin 
A deficiency on this feeding schedule. Parturition in all cases was 
normal and the calves were strong, healthy, normal individuals. 
There is a probability of some carry-over of vitamin A from the 
pasture season, however. The minimum requirements of carotene 
for cattle, observed by Guilbert (8), are well below the amounts 
received by the cows on the hay ration. 

The real advantage, therefore, in providing high-carotene feeds, 
above a minimum requirement which is not yet accurately known, is 
that it improves the vitamin A value of the butterfat in the milk. 
These studies demonstrate the comparative vitamin A value of the 
butterfat produced on the various kinds of roughage. The roughage 
part of a good dairy ration including both hay and silage in the 
winter and pasture in the summer as fed in this experiment will 
effectively provide sufficient of the vitamin A factor for maintenance, 
reproduction, and the production of butterfat of hMi vitamin A 
activity.' ■ ■ 
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SUMMARY AND CONCLUSIONS 

Twelve samples of the home-grown field-cured hay fed in this exper- 
iment were analyzed for their green color and their carotene content. 
In general, the samples containing the highest percentages of green 
color also were highest in carotene content. This relationship did 
not hold true for each of the 12 samples, however. 

The average carotene content of the hay ration, the hay and silage 
ration, the grass-silage ration, and the pasture ration was 14.8 micro- 
grams per gram, 57,0 micrograms per gram, 197.3 micrograms per 
gram, and 260 micrograms per gram, respectively. When these ra- 
tions were fed as the sole roughage to Holstein-Friesian cows, they 
produced butterfat with an average carotene content of 3.6 micro- 
grams per gram for hay; 6.5 niicrograms per gram for hay and silage; 
6.8 micrograms per gram for silage; and 7.9 micrograms per gram for 
pasture. The increase in the carotene content of the butterfat was 
not in the same proportion as the increase in the carotene content of 
the feeds. 

There was a good relationship between the color and carotene 
content of butterfat. For 42 observations the correlation coefficient 
was 0.866±0.034. 

The home-grown field-cured hay fed in the winter, which had an 
average carotene content of 14.8 micrograms per gram in addition to 
whatever carry-over there might have been from pasture the preceding 
summer, apparently furnished enough of the vitamin A factor for 
normal body activities, reproduction, and the production of butterfat 
of approximately 50 units per gram. The average daily carotene 
intake was 185 mg. 

A ration of home-grown hay and grass silage with an average caro- 
tene content of 57 micrograms per gram produced a butterfat with a 
vitamin A value of approximately 86 units per gram. The average 
daily carotene intake was 897 mg. 

A ration of grass silage with an average carotene content of 197 
micrograms per grain produced a butterfat with a vitamin A value of 
approximately 97 units per gram. The average daily carotene intake 
was 1,799 mg. 

Pasture with an average carotene content of 260 micrograms per 
gram produced a butterfat of approximately 105 units per gram. 

The average percentage of the carotene ingested that was secreted 
as carotene in the butterfat was 0.71 percent for the cows receiving 
hay, 0.22 percent for the cows receiving hay and silage, and 0.12 per- 
cent for the cows receiving silage. 

The carotene in butterfat accounted for only a small percentage of 
the to tal_ vitamin A activity. By assuming that 0,6 microgram of 
carotene is equivalent to one U. S. P. x (1934 revision) unit of vitamin 
A the percentage of the vitamin A attributable to carotene in the hay 
ration was 11.2 percent; hay and silage ration 12.7 percent; silage 
ration 11.3 percent; and pasture 13.7 percent. 
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THE EFFECT OF ENVIRONMENTAL TEMPERATURE ON 
mortality, rate OF GROWTH, AND UTILIZATION 
OF FOOD ENERGY IN WHITE LEGHORN CHICKS ^ 

By C. F. Winchester, formerly research assistant and M. Kleiber, associate 
animal husbandman, California Agricultural Experiment Station ^ 

INTEODUCTION 

The effect of environmental temperature on growth rate, food 

consumption, and the conversion of food to body substance in chicks 

has been investigated by Kleiber and Dougherty (11)^ who studied the 

effects of air temperatures of 21°, 27°, 32°, 38°, and 40° C. on chicks 

during the period from 6 to 15 days of age. The daily rate of growth 

was found to increase as the environmental temperature decreased. 

Maximum gain in weight was 4.88 g per day at 21°, while minimum 

gain was 2.74 g per day at 40°. Availability of food, defined as 

food— -excreta 4 . ooo 

^ optimum at 38°. 

Energy stored as gain in body substance (net energy in production) 
reached a maximum at 32° C. The energy content per unit of 
weight gained was at a minimum at 21° (1.41 Cal.^ per gram) and at a 
maximum (2.95 Cal. per gram) at 38°. Total efficiency (the total net 
energy produced per unit of food energy consumed) exhibited a 
maximum of 34 percent at 32° and a minimum at 21°, at which tem- 
perature it was 16 percent. 

Barott and his co workers (2) studied the effects of environmental 
temperature on chicks younger than those used by Kleiber and 
Dougherty. Heat production and gaseous exchange of chicks from 
10 to 100 hours of age, at temperatures from 68° to 104° F., were 
determined with a respiration calorimeter. A ^^critical temperature^^ 
was found at 96°, and a 15-percent increase in metabolism resulted 
from an increase or decrease of 7° from this temperature. Metabolism 
increased as environmental temperature decreased from 96° to 70°. 
The energy output at 70° was twice that at 96°. Deutectomized 
as well as normal chicks were studied. 

Lewis (i 8), using groups of 50 White Leghorn chicks, found that at 
an average temperature of 29° C. (32° on the first day decreased grad- 
ually to 23° on the twenty-eighth day) there was a mortality of 24 
percent, while there was a mortality of 10 percent at an average tem- 
perature of 34°. Lewis ( IS, p, 102) stated:^ ^This increased death rate 
was due in nearly every instance to crowding at night in an effort to 
keep warm.” 

1 Beeeived for publication March 2, 1938; issued October, 1938. The experimental work for this study 
was made possible by a financial contiibution from the California Committee on the Belation of Electricity 
to Agriculture. 

2 The authors are indebted to the members of the staff of the Division of Poultry Husbandry of the College 
of Agriculture, University of California, for cooperation in supplying suitable eggs for hatching and for the 
use of miscellaneous items of equipment. The samples of food and excreta were analyzed for nitrogen, 
carbon, and energy content by A. J. Soderberg. 

® Italic numbers in parentheses refer to Literature Cited, p. 644. 

^ Cal. as used in this paper = kilogram-calorie. 
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The work of Kleiber and Doughertv ( 11 \ ^r 
from 21° to 40° C. gave rise to quesS as to tV^ ^^^ging 
surviving at temperatures below 21° aS as to the "ticks 

heat production and energy intake at such W f ^^*^"“ship between 
present senes of trials was carried out to J ^ • ^^“^Pc^tures. The 

pomte. It wa, plamied clducUrilTt\f »" C 

the range studied by Kleiber and Dou<rLrtv f<J "‘liin 

to carry out trials at temperatures below ilhif "^^Parison and then 
lowest environmental temperature at whiVl! determine the 

mw. In particJar. an Sm^t was Se t?d,7°““ *’» ‘W' *» 
there exists a temperature at which <n-owth K.!. * "determine whether 
all available energy that a S cal tlm fn 
for the mamtenance of body temperature In wT Produce heat 
plan, chicks were raised in environments tbo LI 
were within the range 21° to 38° C. and at 16° and^i8°*”^®^ which 

methods 

and Dougherty (iTx ^ Ten cXtrol biSds weri'Ssed'^®®^ 
were chosen for each experimental SouT Tr.^' "^^'^iclu 
from toap-nested eggs from a flock in whmh chicks were hatched 
ers. Each individual in the emer broth- 

two individuals from the same^heL^fL*fn represented by 

the triaUt 35" 0„ where adnL “ue«Mntir,?'’' ™P‘ “ 

mental bird, and in the trial at 18° w>>£r? ^rithecaseofone experi- 

was matched with a half brother or sisteiL^^rr ®^P®rimental bird 

Control birds with body w54ts SScwl ^ 

those of the corresponding experimental ii^dLH* closely as possible 

At temperatures of 21° C fmrl '^cre chosen. 

lOX daysLt full feed,loll?wS bf a 36 ’ was 
chicks had free access to water but ret^^ ^bich the 

of fast included the last 12 hoLs mXi ^’be period 

tiial during which period fastino' katabontm ^ the twelfth day of each 
the determination of the fasting K r determined. During 
obsarved. Th. duration of S Iriafs .“L™ ““"V waS 

by the failure of some individmls tn ^ shortened 

No fasting katabolism determinations cL'm temperatures, 

because the chicks wliicli lived longer 18° 

sumve the long period of fasting ^ ^ *0° weak to 

adequate^for^vSy reqSreiS''''Kfo which was considered 
contained: ^ /be food, prepared in peUet form, 

25 wheat. 

5 pE* of 'dS'lSS-*!- “ prrcaal protein, 

5 parts of ground bone. 

To 100 parte „f this teiatu,, added; 

K part of s^lt YNacf) 

1 part of cod-liver oil.* 

1 part of yeast. 
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Except for the yeast the ration used was identical with that used by 
Kleiber and Dougherty. 

Lemon juice was added to the drinking water in line with the recom- 
mendation of Holst and Halbrook (7). The discovery of the fat- 
soluble antihemorrhagic vitamin (Almquist (1)) indicates that 
vitamin C probably was not necessary to the diet. Food intake was 
governed by the birds^ appetite. ^ Appetite in relation to environ- 
mental temperature, energy utilization, and rates of growth was 
thus studied. Kleiber and Dougherty (11, L- 704) have discussed 
appetite as ‘^an important variable which determines in a great many 
cases the actual level of energy transformation in animals.” 

The experimental chicks were kept in the climatic cabinet described 
by Kleiber and Dougherty (11), The temperature was maintained 
automatically and seldom varied by as much as 2° C. from the desired 
level. Relative humidity was automatically maintained at 50 percent. 

Air samples taken at the beginning and end of each (10- to 13-hour) 
period were analyzed in a modified Haldane apparatus (Kleiber (9)) , 

RESULTS 

MORTALITY OF CHICKS 

The limited number of chicks does not allow definite quantitative 
conclusions with respect to mortality at the various temperatures, 
yet the results indicate that the lowest hmit of environmental temper- 
ature for these chicks was approached in the experiments. 

None of the control chicks and none of the experimental birds kept 
at 21^ C. or above died during these trials. At 18° one chick out of 
five died on the fifth day and one on the tenth day of the trial. The 
surviving chicks were removed from the chamber on the morning of 
the eleventh day of the trial. Of five chicks kept at 16°, one died on 
the sixth, one on the ninth, and one on the tenth day of the trial. The 
surviving chicks were removed from the chamber on the tenth day. 

The chicks that were lost at 16° and 18° C. exhibited (before death) 
a dropsical condition of the foot and shank accompanied by redness 
of the skin of the leg and foot. During the last 2 days of life the 
droppings were sticky. True diarrhea such as that reported by Hall 
(6), who produced diarrhea in chicks by chilling them under a fan for 
short periods, was not observed. About 24 hours before death the 
chicks became very weak and failed to eat. On post-mortem exami- 
nation it was found that the alimentary tract was entirely filled with 
food in each case. No abnormal ties of the internal organs were 
observed. 

The death rate probably was not influenced positively by the tend- 
ency of chicks to crowd together at low environmental temperatures, 
for only five birds were placed in the cabinet at a time, tinder the 
conditions of the experiment huddhng together actually may have 
resulted in a decrease of the death rate since it is a means of saving 
enei^y, as Kleiber and Winchester (12) have shown. 

EFFECT OF TEMPERATURE ON THE growth RATE OF CHICKS 

Chicks hatched late in the season were noticeably smaller than tlmse 
hatched earlier. To avoid any influence on the* results that might 
have been exerted by seasonal variations in the birds, the mean daily 
increase in weight of the experimental chicks was calculated as per- 
centage of the mean daily increase of the corresponding controls. 
The result of this calculation expressed as a curve is given in figure 1. 
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This curve shows relative rates of growth through a period of 8 days. 
The rate of increase in weight per day was 2.2 ± 0.4 g® for the chicks 
kept at 16° C., while the mean rate of increase for the experimental 
chicks kept at temperatures higher than 16° (18° to 38°, inclusive) 
was 3.9 ± 0.3 g per day. That of all the control birds was 4.4 ± 0.3 g 
per day. Growth rate data are given in table 1 . 

Growth rate was slowest at 16°, a,nd most rapid at 21° C. as is 
shown by the next to the last column in table 1. Kleiber and Dough- 
erty (11) observed that the rate of growth increased as environmental 



Figure 1.— Mean daily increase in weight of chicks kept at different tempera- 
tures, expressed as percentage of mean daily increase of corresponding controls. 
Rates of growth shown during a period of 8 days. 

temperature was decreased to 21°, which parallels the results of the 
present experiment in a corresponding temperature range. That 
growth took place at all at 16° is a rather remarkable fact. The man- 
ner in which energy was spared for growth at this (comparatively) 
low tempei’ature will be discussed later. 

Table 1.~— 'Weight and growth-rate data for chicks kept at di;ff event 
temperatures 


Experimental groups 


Environmentaltemperature (®C.) i 

Mean 
weight of 
chicks at 
start of 
trial 

Mean 
weight of 
chicks at 
end of 8 
days 

Mean 
weight of 
chicks at 
end of 11 
days 

Mean 
daily 
increase 
through 
period of 

8 days 

Mean 
daily 
increase 
through 
period of 

11 days 


Grams 
35.5d=0.9 
50.1=h .8 
45. Od=l. 3 
47. 9dbl. 4 
43.8dbl.O 

Grams 

58. Odbl. 3 
86.1±2.5 
77,2±2.3 
83.2±2.3 
6L1±2.8 

Grams 
69.4±1.6 
102. 5±3.4 
99.2±3.3 

Grams 
2.8±0.2 
4. 5=fc .3 
4. 0± .3 
4. 4±: .3. : 
' 2.^2±;.4 : 

Grams 

3. 1±0. 2 
4. Sir .4 
4.9± . 3 

S5-. ■ ■ 

■ 

18.,...— 

16-— 







5 Throughout this paper the figure following the sign refers to the standard error of the mean. 
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Table 1. — Weight and growth-rate data for chicks kept at different 
temperatures — Continued 


Environmental tem- 
perature (°C.) 

Control groups 

Daily increase of ex- 
perimental chicks 
expressed as per- 
centage of daily 
increase of control 
chicks at ages 
shown 

Mean 
weight of 
chicks at 
start of 
trial 

Mean 
weight of 
chicks at 
end of 8 
days 

Mean 
weight of 
chicks at 
end of 11 
days 

Mean 
daily 
increase 
through 
period of 

8 days 

Mean 
daily 
increase 
through 
period of 
11 days 

8-day 

period 

11-day 

period 

38^, 

35 

21 

IS _ 

drams 

34. 9±1.5 
50. 2±1. 1 
44.9db .9 
47. 7± . 9 
43. Sdbl.O 

Grams 

63. Oil. 4 
91.2±2.4 
79.7±2.0 
86. 3=h2. 3 
78. 3±L 7 

Grams 

78. 5dbl,9 
109. 0± .7 
102.8d=1.9 

Grams 

3. 5=b0.3 

5. 1± . 3 

4. art . 3 

4, 8± . 3 

4. 3± . 2 

Grams 

4. 0±0. 2 
5.3± . 5 
5.3±.2 

Percent 
80.0 
88. 2 
93. 0 
91.7 
51. 2 

Percent 

77.5 

90.6 
92.4 

1 fi 









A formula for determining the relative rate of growth during the 
accelerating phase of growth has been given by Brody {4), The 
formula is as follows: 


m 

dt 




where 


W—hody weight in grams 
^=timeindays 


The integrated form has been used for these calculations, namely: 


k= 


lnW,-lnWi 




=2.30259 


log 1 ^ 2 — log Wi 

t2~ 


The calculations were based on the weights obtained the morning 
of the fifth day of life and those obtained on the morning of the ninth, 
the thirteenth, and the sixteenth day. The results of these calcula- 
tions are given in table 2. The relative rate of growth at 16° C. 
was distinctly lower than that at any higher temperature. 

The growth rates of chicks raised at 16° and 18° C. are given for 
the first 8 days of the trial only, since some chicks kept at the two 
lower temperatures did not survive longer. 

Table 2.— Relative growth rate of chicks of various ages, kept at different temperatures 
as determined hy Brody^s formula: 

k=2.30259-M=p^ 


Percent growtli per day: (100 k) during period of age indicated 


Air temperature (°C.) 

5-8 days 
(inclusive) 

9-12 days ! 
(inclusive) 

13-15 days 
(inclusive) 

5-12 days 
(inclusive) 

5-16 days 
(inclasive) 

16.. \ ' _ . . .. ■ ■ 

Percent 

1 2.6 

Percent 

5.8 

Percent 

Percent 

4.2 

Percent 

18.... ... . . . . . .. 

i 6. 1 

7.7 


6.9 


21.. 

5.9 

7.6 


6.8 

7. '2' 

35, 

7.6 

6.1 

5.8 

6.8 

"■•■■6.5 

38.. 

6.5 

6.7 

6.0 

6.1 

6,1 
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EFFECT OF TEMPERATUKE ON FOOD CONSUMPTION, RATE OF EXCRETION, AND 
availability OP NUTRIENTS 

During the period from the fifth to the twelfth days, inclusive, 
(during which it was possible to make comparisons of chicks at all the 
temperatures used) the food consumption per chick was greatest at 
18° C. and least at 38°. Because of the variations in weight of the 
birds, a better comparison can be made in terms of body size. Kleiber 
(8) has found the 0.75 power of the body weight to be the most suitable 
means of comparing the metabohsm of animals of various sizes. 
Brody and Procter (5) found the 0.73 power of the body weight to be 
best for making comparisons of metabolism. The 0.76 power of the 
body weight is used tlxroughout this paper for comparing the body 
weight of chicks. The symbol kg^ is used here as the unit of the 
0.75 power of the body weight expressed in kilograms. 



Figure 2,-~~Rate of food consumption and heat production by, and net and avail- 
able energy of food of chicks as related to environmental temperature. Curves 
are those of Kleiber and Dougherty {11, p. 717): The original points are repre- 
sented by circles; corresponding data from the present experiment are indicated 
by circles enclosing crosses, and horizontal and vertical lines. 

Tlie chicks kept in an environment of 16° C. consumed more food 
per kg^ than those kept at higher temperatures. The relation of food 
consumption and environmental temperature seems to be nearly 
linear, as figure 2 shows. 

Availability of food was somewhat greater at 21°, 35°, and 38° C. 
than at 16° and 18° (table 3). The term ^^availability” as employed 
here means the amount of dry matter retained by the body, expressed 
as percentage of the dry matter consumed. The dry inatter not 
excreted is ^‘available” either for production of body substance or for 
production of heat. This conception is very useful in nutrition work 
with chicks where digestibility of food would be diflicult to determine 
owing to the fact that feces and urine of birds cannot easily be sep- 
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arated. The results for the various periods of each trial agree quite 

closely* 

The availability for the period including the fifth and twelfth days is 
plotted against the environmental temperatures in figure 3 . At 35° and 
38° C. the availability was very similar to that determined by Kleiber 
and Dougherty, who found the maximum at 38°; but in the present 

I ■ 

<5^ I ^ ^ 

^ : ^ 

I ^ 



Figuee 3. 


4(f 

Te/P7/>ercyfi/re of res/:>/ra'f/o/7 c/pa/r?^er CcJ 


-Availability of food dry matter to chicks as influenced by 
environmental temperature. 


experiment maximum availability of nearly 66 percent was found at 
21°, while availability at 16° and at 18° was approximately 63 percent 
as compared with more than 64 percent at 35° and 38°, during the 
fifth to twelfth day period. 

Table 3. — Food consumption^, excretion, and food availability per day for chicks of 
various ages kept at different temperatures, expressed on a dry-matter basis 


Age (days) 


Data for indicated air temperature 


16° 0. 18° C. 21°. 0. 35° e. 38° C, 


Pood grams.. 9.67 10.78 

Excretion .do.... 3.65 4.10 

Available - do — 6.02 6.68 

Availability ..percent.. 62.30 62.00 

Food---- grams.. 14.79 16.74 

Excretion... ...do 5.49 6.10 

Available... do..— 9.30 

A vailability percent. . 62. 90 63. 60 

Food...—. 4. -.-..-grams.. - 

Excretion .....do — — 

Available- do . . — - 

Availability.. .—...-..percent-. 

Pood-,. .---.--.grams.- 12.23 13.76 

Excretion -. — ..--do—.- 4.57 5.10 

Available.. ..do.—. 7.66 8.66 

Availability... --- - --percent-. 62.60 62,90 

'Food--.— grams — 

Excretion-..-—..-—-----.---,—— do— .. 

Available -do'—.. — - 

Availability... ————percent- — — — 
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Considering the fact that the digestive systems of the birds at the 
two lower temperatures were probably taxed to full capacity, an avail- 
ability of 63 percent at 16° and 18° C. seems quite favorable as com- 
pared with availabilities of 64 to_66 percent observed at more nearly 
optimal temperatures. The ration used was as nearly as possible 
equal to that fed by Edeiber and Dougherty except for the addition 
of yeast to the feed and lemon juice to the drinking water. The great- 
est difference between the availability observed in this trial and that 
of the authors mentioned was 8 percent at 21°. 

EESPIRATORY EXCHANGE OF CHICKS AS AFFECTED BY TEMPERATURE 

The metabolism of chicks apparently tended to increase as environ- 
mental temperature was lowered to 18° C. This result parallels the 
observations of Kleiber and Dougherty. The carbon dioxide produc- 
tion per kg^^ is larger in the present series of trials than in the earlier 
series at each environmental temperature. Maximum CO 2 per kg'"« was 
produced at 18° during the first 8 days of the trial (table 4). At each 
level of temperature above 18° C. the carbon dioxide production was 
successively lower. At 16° the CO 2 production was less than that at 
18°. 


Table 4.—Carhon dioxide produced per day by chicks of various ages kept at dif- 

event temperatures 


Basis, period, and age of chicks 

Data for indicated environmental temperatures 

16° 0. 

18° C. 

21° C. 

35° 0. 

38° C. 

Per chick 

Period 1 (5--8 days) 

Liters 

4.87 

Liters 

5, 55 

Liters 

4.61 

Liters 

3.95 

Litm 

2.20 

Period 2 (9-12 days).. 

6. 31 

7. 32 : 

6. 67 

4.62 

2.81 

Period 3 (13-15 days) 

8. 42 

6.09 

3. 49 

^2 daysl 

5. 59 

6.44 

5.64 

4.29 

2. 54 

5-15 days 

6. 40 

4.78 

2. 75 

Per kilogram of body weight 1 

Period 1 (5-8 days) 

105. 1 

108.2 

93.3 

71. 0 

54. 7 

Period 3 (9-12 days) 

93. 2 

106.6 

103,9 

62.4 

57. 6 

Periods (13-15 days) 

99.6 

65.8 

58.1 

5-12 days 

97.9 

107. 3 

99. 3 

66.2 

56.3 

5-15 days . 

99.4 

66. 0 

56.9 

Per kg?4 

Period 1 (5-8 days). : 

48.7 

51.4 

43.9 

34. 3 

24.3 

Period 2 (9-12 days) .... 

47.1 

54.2 

52.5 

i 32. 5 

26.8 

Period 3 (13-15 days) 

53.3 

36. 2 

28.8 

5-12 days - 

47.8 

52.8 

48,2 

33.5 

25.9 

5-15 days 

50. 4 

33.7 

26.7 





1 Average of mean daily body weights. 


Table 5. — Respiratory quotients of full-fed chicks of various ages kept at different 

temperatures 


Bespiratory quotients for indicated environmental temperature 


Age of chicks (days) 

16° C. 

18° C. 

35° 0. 

Day 

Night 

Day 

Night 

/'Day, 

Night 


1,005 

1.001 

1.003 

0.830 

.812 

.820 

0.961 

.931 

.950 

0.843 

.820 

.831 

0. 996 i 
1. 029 
1.012 

0.990 

.972 

.981 

9-12.,. 

5-12.................. . . 

Day and night............... 

nc 

>19 

ns 

!S!Q 

n t 

>08 
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The respiratory exchange at 18° C. during the first 8 clays was 
slightly more than twice that at 38°.^ Respiratory quotients of full-fed 
chicks are given in table 5 for the trials at 16°, 18°, and 35°.® Kleiber 
and Dougherty (il, pp. 714-715) have stated that 'There seems to be 
a tendency for the R. Q. to be lower at the extremely low and high air 
temperatures.^^ This tendency appears to have been confirmed for 
low temperatures in the present experiment, as the respiratory quo- 
tients at 16° and 18° were 0.912 and 0.889, respectively, while the 
lowest respiratory quotient reported in the experiment just cited was 
0.971 (at 21°).^ At 35° the respiratory quotient (in the present trials) 
was 0.998, which is quite close to an average of the respiratory quo- 
tients reported earlier {11) for 32° and 38°.^ Marked variations 
between day and night respiratory quotients similar to those reported 
earlier were observed.^ Kleiber and ^ Dougherty assume that the 
lower respiratory quotient found at night was a result of decreased 
fat production of the birds during the hours that they were without 
food. A comparison of the respiratory quotients in table 5 with those 
in table 7 shows the respiratory quotients at full feed to be much higher 
than those of fasting chicks. 

NITROGEN. CARBON, AND ENERGY BALANCE 

The excreta and food were analyzed for nitrogen, carbon, and energy 
content. The quantities of dry matter ingested and excreted daily 
were determined. The differences between the amounts of nitrogen, 
carbon, and energy ingested and those excreted are the quantities 
available for production of body substance or for combustion. For 
each liter of carbon dioxide given off by the animal 0.5359 g of 
carbon was subtracted from the total carbon available. The balance 
is considered as the net carbon or the carbon stored in the body. To 
find the amount of protein gained, the figure for available nitrogen 
was multiplied by 6.25 and to find the amount of carbon in the protein 
gained, the amount of available nitrogen was multiplied by 3.25. The 
amount of carbon in the body fat produced during the trial was found 
by subtracting the amount of carbon in the protein from the total 
amount of carbon stored. The net energy^ gained was found by 
obtaining the sum of the heat of combustion of stored fat and of pro- 
tein gained.® The difference between the available energy intake 
and net energy gained was considered equivalent to the heat produc- 
tion of the animal. 

Data on energy metabolism are given in table 6. Since some of the 
chicks held at 16° and 18° C. died during the first few days of the trials, 
the results for these trials are given only for the period from 5 to 12 
days inclusive, and, for purjioses of comparison, data for the first 
8 days of the other trials are given, as well as the data obtained during 
the 11-day period when chicks at temperatures of 21° and above were 
at full feed. 

The hypothesis of Kleiber and Dougherty that "with lower tempera- 
ture, the heat production tends to approach the energy intake, since 
the latter is naturally limited,” seems to be confirmed by the results 

® At temperatures of 21° and 38° C . oxygen consumption was measured only during the fasting katabolism 
determinations. 

^ As used here the term ^‘net energy” or “net energy in production” refers to energy in body substance 
gained. : ■ V 

8 1 g of protein =5.7 Cal. Ckilogram-ealories). 

1 g of fat =9.5 Cal. (kilogram-calories). 
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of the present trials. During the first 8 days of the trial at SS'' C., 

44 percent of the energy taken in was used to produce heat; at 35°’ 

45 percent; at 21°, 55 percent; and at 18°, 58 percent. The heat 
production per kg^ was greater with each decrease in environmental 
temperature, including the trial conducted at 18°. ^ At 16°, however, 
the heat production was 261.7 Cal. as compared with 266.1 Cal. per 
kg^ at 18°. It is difficult to account for a lower rate of heat produc- 
tion at 16° than at 18° unless it be assumed that the mean body 
temperature was lower at 16° than at 18°. This assumption would 
also help to explain the surprising fact that net energy in production 
was found to be greater at 16° than at 18°. At 16° net energy in 
production was 63.5 Cal. per kg®^, while at 18° it was 45.7 Cal. per 
kg^. During the first 8 days of the trials the mean net energy in 
production was 75.7 Cal. per kg.^ at 21°, 35°, and 38°; and for the 
entire 11-day period the corresponding figure was 74.2. The only 
record that the writers have found of reduced body temperature in 
birds at low environmental temperature is that of Benedict and his 
CO workers (S), who found that the mean rectal temperatures of a group 
of mature homozygous frizzle fowl, determined during a period of 
3 days at environmental temperatures rangifig from 5.6° to 13.9°, 
was 41.2° as compared with 41.6° for a group of normal chickens 
under the same conditions. 


Table 6. — Energy transformation at full feed, and composition and energy content 
of the daily gain of body weight, for chicks kept at different environmental tempera- 
tures while 5 to 12 and 5 to 15 days old 



Data for indicated environmental temperature and age of 
chicks 

Item 

16° C., 

18° C., 

21° 

C. 

35° 

C. 

38° C. 


5 to 12 
days 

5 to 12 
days 

5 to 12 
(lays 

5 to 15 
days 

5 to 12 
days 

5 to 15 
days 

5 to 12 
days 

5 to 15 
days 

Mean body weight,-- ,._grams_- 

62.4 

65. 5 

01.1 

72.1 

I 68. 1 

76. 3 

46.7 

52.4 

Mean body size, kg-VC- - 

Energy in food per day per kgVb 

.110 

.130 

. 123 

. 140 

. 133 

. 145 

. 102 

.110 

Calories_« 

Energy in excreta per day per kg3/<. 

472. 7 

461.3 

429.4 

441, 3 

351. 3 

335, 8 

275.1 

283.3 

Calories.- 

Available energy per day per kg3/h 

147.5 

149.5 

122.3 

126. 5 

104. 2 

97.9 

84,2 

88.2 

Calories- - 

Heat production per day per kg^/*, 

325. 2 

i 311.8 

307. 1 

314. 8 

247,1 

237.9 

190.9 

195.1 

Calories. - 

Energy in gained body substance j 

261.7 

266. 1 

237.9 

235. 4 

158.8 

168, 3 

121. 3 

121.4 

per day per kg3/'‘ Calories. . : 

63.5 

45. 7 

69.2 

79.4 

88.3 

69. 6 

69.6 

73. 7 , 

Daily gain in body weight. ..grams. . 
Daily production of body protein 

2. 16 

4.41 

4. 03 

4. 93 

4,51 

4.76 

2.81 

3.08 

grams. - 

.81 

1.06 

1.06 

1.25 

1. 06 

1.19 

.63 

,69 

Daily production of body fat__.do.... 
Energy in body substance gained 

.25 

-.01 

.26 

.42 

.60 

.35 

.37 

■ .44 

daily Calories.. 

Body protein per gram increase in 

6.99 

5.94 

8. 51 

11. 12 

11.74 

10.10 

7, 10 

8.11 

body weight .grams. . 

Body fat per gram increase in body 

.375 

.240 

.263 

.254 

.235 

.250 

.224' 

; .224 

weight-....._..„_____ grams.. 

Inorganic matter per gram increase 
in foody weight (mostly water) 

.116 

-.003 

.065 

.085 

.133 

. 074 

.132 

.143 

^ grams- 

Energy per gram increase in body 

.509 

. 762 

. 672 

. 661 

. 632 

,676 

.644 

,633 

weight — . - Calories. . 

3. 24 

1.35 

2.11 

2.26 

2.60 

2.12 

2. 53 

2.63 
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Figure 2 represents the relationsMp between the temperature of 
the air and the energy transformations in the birds' bodies. The 
energy exchange is calculated per kg^^ in order to avoid any possible 
influence of body size. The curves given in figure 2 are reproduced 
from the work of Kleiber and Dougherty (11), and because the data 
obtained in the present experiment confirm the earlier work insofar as 
the higher temperatures are concerned, new curves have not been fitted. 
At 16° and 18° C. the extrapolations of Kleiber and Dougherty do 
not seem to fit the data obtained in the present experiment, which 
can be explained by the fact that the extrapolations were based on 
the assumption that body temperature and specific insulation of the 
chicks would remain constant. As has been mentioned, it is assumed 
that the mean body temperature of the chicks was reduced at a low 
environmental temperature, for otherwise these results could not easily 
be explained. 

COMPOSITION AND ENERGY CONTENT OP SUBSTANCE GAINED BY BODIES OF CHICKS 

The effects of environmental temperatures on the daily production 
of protein, fat, and net energy are shown in table 6. Carbon and 
nitrogen balances were used in calculating the energy metabolism of 
the chicks on the assumption that the organic constituents of the 
body substance gained were mainly protein and fat. For the 8-day 
period there was no production of body fat at 18° 0. Fat storage at 
16° was approximately equal to that of 21°, but less than that at 35° 
and 38° during the first 8 days of the trial. 

The daily gain of protein per chick was 1.06 g during the first 8 days 
of the trial at 18°, 21°, and 35° C. At 16° where the daily gain of 
body weight was markedly lower, daily gain of protein was 0.81 g. 
At 38°, where the daily gain in weight was also comparatively low, 
the gain in protein was 0.63 g. Except at 16° the gain in protein per 
gram increase in body weight ranged only from 0.22 g at 38° to 0.26 g 
at 21°. Kleiber and Dougherty (11) found that the gain in protein 
changed only from 0.22 to 0.27 g per gram of increase in body weight 
at temperatures ranging from 21° to 40°. At 16° in the present series 
of trials 0.37 g of protein was gained per gram of body substance 
gained. 

At 16° C. 7 Gal. of net energy was gained daily, while at 18°, 
where the daily ^ain in body weight was more than twice that at 
16°, the daily gain in net energy was approximately 6 Cal. This 
seems to confirm the statement that ^The body weight is no general 
criterion for the effect of food on energy storage in the animal.” 
At 18° water and other inorganic materials constituted 76.2 percent 
of the gain in body weight, while at 21° the content of inorganic 
material was 67.2 percent during the same period of the trial (fifth to 
twelfth days inclusive). At 16° the water content of body substance 
gained was 50.9 percent. This was far lower than the water content 
of body substance gained at any higher temperature. 

FASTING KATABOLISM 

Rates of fasting katabolism were determined over a period of 
approximately 12 hours during the night. The chicks w^ere fasted 24 
hours before the beginning of these determinations. Since the chicks 


Jo y^rnal of Agncultural 

^ ~ ^ ''^'>■•57, No. 7 

deteiminations^of ^fasting ^katabol7^^^ to survive a 36-hour fast 

of S LttlS T!L tSt 

basis. A s(SX5'o“ 4.7 Oal.^e^Kte o'f* ‘’“'“"■“W to a^kiom 

0 etemine the heat production of 'tS consumed was u3 

Table r.-FasHng kataboUsm {calculated to 2/,.hour haei,\ nf 7 , • , 

at different temp^atSef «/ 


Air temperature 
(°CJ 


21 

35 

38. 


Body 

weight 


Orams 

84.2 

95.7 

62.5 


kg3/4 


0. 156 I 
.172 
.125 


r>aily respiratory 
exchange per 
chick calculated 
to 24 hours 


CO 2 


Lifers 

3.70 

2.58 

1.69 


Respira- 

tory 


Daily heat production 


G 2 


Per chick 

Per 

kilogram 

Per kg3/4 

Liters 

5.24 

3. 59 

2. 32 

0.706 

.719 

.728 

Calories 
24.6 
16. 9 
10.9 

' Calories 
292 
177 
174 

Calories 

158 

98 

87 


Ts ~ 

H6iberand0oSmy“kfflSy°hertpS '’F 

heat production to be 90 Cal. It 3? 

“LCIl” — - ^-aamars 
tolbf^ '“■■/■>oting°SoU*sm°kI^used‘'‘“s[” 

environmental temperatures of 21 ° raised at 

given in table 8. ^ ’ 35°, and 38°. These data are 

Table S.—Calorigenic action of food of rhi h i 

temperatures * different environmental 


Item 

Data for indicated environ- 
mental temperatures 


I 21° C. 

35° 0. 

38° C, 

>ly basal heat production per kga/. calculated to thTi^eTT^Z 

Dally heat taoremmtat Per igV4.....__ Calories,. 

--_J_^''al.ava.lableeuergya«SIfeld:;;:^ 

. XT ■ ~~ 

149 

235 

92 

168 

82 

121 

86 

315 

27 

76 

238 

32 

39 

195 

20 



, ™ ™ «7U WJJLUyil 

days, it was necessarv 
for the age of 10 days. 
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The fact that the metabolism at full feed bears a close relationship to 
the energy value of food consumed, and the observation of Kleiber 
(10) that for very different animals the to tab energy intake seems to be 
approximately equal to the same multiple of the fasting katabolism, 
make possible the calculation of the calorigenic action. It is assumed 
that the fasting katabolism of the birds, during the period studied, 
increased by 1 percent of the mean for each additional day of age as 
determined for the metabolism at full feed. 

The following equation was used to calculate a theoretical fasting 
katabolism for chicks 10 days old (11): ^ 


where 


5ioX(1+0.01X6)-5i6 

jBio=fasting katabolism per kg^ at the age of 10 days 
5 i 6= fasting katabolism per kg^ at the age of 16 days. 

EFFICIENCY OP ENERGY TRANSFORMATION AT VARIOUS TEMPERATURES 

The terms ^^partial efficiency^^ and ^Hotal efficiency^^ are employed 
in the same sense as they are used by Kleiber and Dougherty (11). 
The ^'partial efficiency can be represented as a quotient obtained by 
dividing the figure representing an increment of net energy by that 
for the energy intake necessary to produce the increment of net energy. 

A.4 

P~'aU 

p= partial efficiency 


where 


A^= change in net energy 
A 17= corresponding change in energy intake 


In this equation A A may mean an increase in energy in the animaPs 
body when a trial is carried out above the maintenance level, or it 
may mean a decrease in the loss of energy resulting from an increase of 
food consumption in the case of a trial carried out below the mainten- 
ance level. Its value is positive in either case. The increase of net 
energy has been calculated as the difference between the amount of 
available food energy taken in and the corresponding heat increment 
(availability is defined on page 534). Thus the partial efficiency at 
three environmental temperatures has been calculated from the data 
in table 8. The partial efficiency, in terms of net energy per 100 
Gal. of available food energy is, for temperatures of 21° j 35®, and 38® C., 
73, 68, and 80 Cal., respectively. Since it was impossible to obtain 
data on the basal metabolism of chicks at air temperatures of 16® and 
18®^ the partial efficiency for these groups cannot be given. As \Yill be 
noticed in table 8, there is a considerable difference in the heat incre- 
ment at 35® and 38®, a discrepancy for which no explanation is now 
available. 

» Experiments are under way from which it is hoped to measure this relation of age to hasal m^ahohsm. 
It is seen from the equation above that the correction for age for the present trials amoun^ tno percent of 
the fasting katabolism. Even if the coefficients of age were actually considerably aiflCT^t nom mat as- 

sumed (1 percent) the total correction would not- seriously affect the conclusions reportea nere. 

100884 -~- 38 --— ' 5 '' ' . ' ' ' 
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The term “total efficiency^^ as used here refers to the net energy 
expressed as percentage of the available food energy. The total 
efficiency and the partial efficiency are related (il), as is shown by the 
following equation. 

A vAU-E) E\ 

where 

total efficiency 
partial efficiency 
energy of food intake 

S— energy derived from food for maintenance 
A=net energy in production 

The total efficiency would approach the partial efficiency if a very- 
small proportion of the total food energy were required for mainten- 
ance, and it equals zero when the energy necessary for maintenance 
becomes equal to total food energy taken in. 

Fasting heat production data have been used in calculating the 
partial efficiency, but they are not necessary for calculating the total 
efficiency; therefore the figures for total efficiency cannot have been 
influenced by possible errors which might be present in the measure- 
ment of partial efficiency such as the effect of social temperature reg- 
ulation on the fasting heat production. The total efficiency calculated 
from data in table 6 is presented in table 9. The lowest total efficiency 
was found at 18° C., while the total efficiency at 16° was higher than 
that at 18° but not so high as that at 21° during the first 8 days of trial. 
Through an experimental period of 8 days the greatest total efficiency 
was found at 35° and 38° (36 percent). 

Table 9. — Total efficiency of energy utilization in growing chicks kept at different 
temperatures while 5 to 12 and 5 to 15 days old 


Total efficiency for indicated environmental temperature and age of 
chicks 


Item 

16^ C. 

18^ C. 

21° C. 

35° 0. 

38° 

C. 


5~12 

days 

5-12 

days 

5-12 

days 

5-15 

days 

5-12 

days 

5-15 

days 

5-12 

days 

5-15 

days 

in gained body substance X 100 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Per cm 

Available food energy 

20 

15 

23 

25 

36 

29 

36 

38 


SUMMAKY 

l^Tiite Leghorn chicks were raised at environmental temperatures 
of 16°, 18°, 21°, 35°, and 38° C. from 5 to 14, 15 or 16 days of age, 
inclusive. Groups of five chicks were kept a-t controlled air temper- 
atures and were matched by groups of 10 chicks kept in a conven- 
tional brooder. Both the control and the experimental groups had 
free access to feed which was considered qualitatively complete. The 
respiratory exchange of the chicks kept at controlled air temperatures 
was measured, and the fasting katabolism was determined. Food 
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consumed and excreta were weighed and were analyzed for nitrogen^ 
carbon, and energy content. 

No deaths occurred among the chicks kept at 21° C. or above, nor 
among the control birds. Of five chicks kept at 18° two had died 
by the end of the tenth day of the experiment, and of the same 
number kept at 16^ three^had died. 

Post-mortem examination of the birds lost at 16° and 18° C. dis- 


closed no observable abnormahties of the internal organs, but in each 
the alimentary tract was entirely filled with food. 

The mean growth rate pf the control birds was 4.4±0.3 g per day, 
while that of the experimental chicks ranged from 2.2±0.4 g at 
16° C. to 4.5±0.3 g at 35° during the first 8 days of the experiment. 

Food consumed was approximately a linear negative function of 
the environmental temperature. 


Availability of food, or 


food —excreta XIQO, 
food 


was somewhat the 


greater at higher temperatures than at 16° and 18° C. 

^ The CO 2 production reached a maximum at 18° C., and decreased 
as environmental temperature increased. CO 2 production per kg^ 
(0.75 power of body weight expressed in kilograms) was less at 16° 


than at 18°. 

Energy of body substance gained per day exhibited a minimum of 
45.7 Cal. per kg^ at 18° C., and a maximum of 88.3 Cal. per kg^ at 
35° during the first 8 days of the experiment. At 16°, 63,5 Cal. of 
net energy was stored as gain in body substance per kg^ per day. 

The environmental temperature had a pronounced effect on the 
composition of body substance gained. The amount of fat stored 
per gram of increase in body weight was greatest at 35° and 38° C, 
At 18° no fat was stored, while at 16° fat storage was exceeded only 
by that at 35° and 38° during the first 8 days of the experiment. 
The gain of protein per gram increase in body weight was greatest 
at the lowest environmental temperature. The absolute increase in 
protein at 16° was exceeded at all the higher temperatures except 38°. 
The gain in protein varied from 0.224 g (38°) to 0.375 g (16°) per gram 
of increase in body weight. Maximum energy content per gram of 
weight gained was 3.24 Cal. at 16°, and the minimum per gram of 
weight gained was 1.35 Cal. at 18°. ^ The minimum amount of water 
(0.509 g per gram increase in body weight) was stored at 16° ; the maxi- 
mum (0.7 62 g per gram increase in body weight) was stored at 18°. 

The following fasting katabolic rates were determined: 158 Cal. per 
kg®-^ per day at 21° C., 98 Cal. per kg^ per day at 35°, and 87 Cal. per 
kg'^^ per day at 38°. 

The partial efficiency,^ or the increase in net energy per unit of the 
corresponding increase in food energy, was determined for environ- 
mental temperatures of 21°, 35°, and 38° C. 

At 35° and 38° C. total efficiency, or total energy in the produced 
body substance expressed as percentage of the available food energy 
taken in, was 36 percent during the first 8 days of the experiment, 
while at 21° total net energy was 23 percent of the available energy. 
At 18° net energy was 15 percent of the available energy, and at 16° 
it was; 20 percent. 
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SOME tPHYSIOLOGICAL^ STUDIES OF CROWN GALL AND 
CONTIGUOUS TISSUE ' 

By R. Nagy, industrial fellow in biochemistry and plant pathology; A. J. Eiker, 
''professor of plant pathology; and W. H. Peterson, professor of biochemistry, 
Wisconsin Agricultural Experiment Station 2 

INTRODUCTION 

As part of an investigation of the pathological plant growth induced 
by the crown gall organism it appeared desirable to study the nature 
and physiology of both diseased and contiguous tissue. Only a few 
comparisons of such tissues have been reported. Strohmer and 
Stift {Siy found that the galls of sugar beets were higher in ash, pro- 
tein, and moisture but lower in sugar than the normal roots. Town- 
send (5^) and others found that the galled beets were decidedly lower 
in sucrose than the normal ones. Klein and Keyssner {15) have made 
an extensive study of the forms of nitrogen found in galls and contigu- 
ous tissue of several hosts. In inost instances the percentage of the 
various forms of nitrogen was higher in the galls than in the con- 
tiguous stems. Sylwester and Countryman {32) found both callus 
and gall tissue of apple to contain cellulose, pectin, lignin, and gum. 
The gall tissue also contained tannin, but the callus tissue did not. 
Berthelot and Amoureux (.4).found similar differences in tannin content 
between galls and normal tissue of sugar beets. They {3) also com- 
pared gall tissues resulting from inoculation of sugar beets with two 
strains of Phytomonas tumefaciens (Smith and Town.) Bergey et ah, 
but obtained no significant differences. 

Glutathione and ascorbic acid have been considered to play an 
important role in the growth of plants. Hammett {12) in particular 
has emphasized the importance of glutathione. Through its con- 
stituent amino acids glutathione probably accelerates cell proliferation 
and protein reconstitution and differentiation. Virtanen {36) reported 
large increases in dry weight of plants grown in sterile nutrient solutions 
containing ascorbic acid. Binet and Magrou {6) and Berthelot and 
Amoureux {4) reported greater amounts of glutathione in crown gall 
than in the host plant. The flatter investigators likewise found 
nearly twice as much ascorbic acid in the galls as in the beet root. 

Several investigators have suggested a relation between the activities 
of oxidative enzymes and atypical growth. For example, Bristol (7) 
attributed cell stimulation to the unchecked action of locally concen- 
trated, intercellular oxidizing enzymes. A disproportionate balance 
between the enzymes, especially an overabundance of peroxidase, he 

1 Received for publication March 17, 1938; issued October, 1938. This study was made possible by 
grants from the International Cancer Research Foundation and from the Wisconsin Alumni Research 
Foundation, University of Wisconsin. 

2 The writers were ably assisted with certain of the analyses by H. A. Conner and F, 0. Mclntire. The 
illustrations were prepared by Eugene Herrling. 

2 Italic numbers m parentheses refer to Literature Cited, p. 553. 
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an increase in perSaseT crSS Su^of horeSish p 
increase m catalase. The activity of diseased ^ Paralleled the 
percent greater than that of healthy 

Robinson {25) were of the oDim'nn fTiof and 

caused by uncontrolled respiration but that the 

was caused by an “oxygen-hunger.” In view .f t ^ stimulation 

ns^ure of Phytomonas tumefaciens (26) the oxvo-en aerobic 

reduced in the intercellular spaces, thus modffvmf tb^ Y 

tion and creating an environment for f ® rela- 

to Kluyver {18, 529) s^™ulation. According 

cell into a cancer c^f could ultWelHirT ^ 
change in property of one sinde Salvtie 
metabolism.” InView of the imnmtiSe^ determines 

cell metabolism it seemed desirable to comner-P +b enzymes in 

p?eliiZty%“p?ron p?rn?^^^^^ 

For a b.ckgrou„d to thit work pr„,d„.,te ani 

experimental work 

ToSr “ 

greenhouse in the late foil anri a grown m the 

during the summers of 1934 and 1936^ ^WbYi*^fV^Y 
old, a number of inoculations were mode plants were 6 weeks 

the crown gall organism Phvtomo7)n<!iom ^PP.®^ ^^^emodes with 
of gall tissue for analvsifS™ i sufficient amount 

Simultaneously with the collection ^ weeks after inoculation, 

immediately above and below the o-allo ^ ^alls, sections of the stem 
of contigoois tissoo The ft™' a ““ I" 

placed m hot alcohol and stored until the fofl plants were 

being analyzed. Material from tbo following summer before 

analyzed irimediatelyXeifcst^^^^ 

beets (Beta w^arfs°L™gro™n h^^ and normal tissue of sugar 

manner. A third sburcf wit It ^ field and inoculated in the usual 
tiguous bark from the roots of r^d^rtYY^ ^ occurnng galls and con- 
The sugar-beet and rasnberrv s<«^osms Michx.). 

ately after harvesting tpor thist^tltf analyzed immedi- 

pletely extracted with successivo nntY ®^™P^es were com- 

The extracted residue was dried atd 60-percent alcohol. 

Pling. It was employ^ for uniform sam- 

uronic acid. The alcoholic starch, pentosan, and 

pressure to remove the alcohol 
and then analyzed for sStar^^^^^ 

and nitrate nitrogen ZoSier ammonia 

100° C. forthe detenninatioi^tf S^^ tissue was dried at 

and total nitrogen. ash, ether extract, cellulose, 
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PROXIMATE AND OTHER ANALYSES 

Analyses were made on the dried materials and solutions as follows; 
Ash, ether extract, total nitrogen, and pentosans by A. 0. A. C. 
methods (1); ammonia, amide, and nitrate nitrogen by the method of 
Sessions and Shive (B7) ; cellulose according to Kurscliner and Hanak 
(19); starch by the method of Davis and Daish (5) ; uronic acid by the 
method of Dickson, Otterson, and Link (10); alpha amino nitrogen by 
the method of Van Slyke (35 ) ; and sugars according to Stiles, Peterson, 
and Fred (SO). The results of the analyses are given in tables 1 and 
3. Although considerable variability appears, there are certain con- 
spicuous differences between crowp. gall, which grossly resembles 
embryonic tissue, and contiguous tissue. These differences are con- 
sidered in the discussion. 


Table 1. — Chemical composition of normal stem and of gall tissues of tomato 


Analyses 

Greenhouse ma- 
terial, 1933 

Field material, 1934 

Field ^ material, 
1936 

Stems 

Galls 

Stems 

Galls 

Stems 

Galls 

Dry matter - 

Percent 

10.4 

Percent 

10.3 

Percent 

14.0 

Percent 

11.4 

Percent 

16.8 

Percent 

10.1 

14,2 

Analyses on basis of dry matter: 

Ash - 

12.3 

13.2 

7.7 

14.1 

8.4 

Ether ex tract 

2.0 

1.7 

1. 1 

1.7 

1.7 

2.2 

Total nitrogen ... 

3.0 

3.3 

2.8 

4.9 

1.4 

3.6 

,33 

Alpha amino nitrogen 

.1 

.23 

.40 

. 50 

.25 

Amide nitrogen 


.35 

.26 

.10 

.08 

Ammonia nitrogen 



.15 

.15 

.06 

.10 

Nitrate nitrogen 



.35 

.24 

.07 

.12 

Reducing sugars. 

4.5 

1.9 

4.6 

2.3 

3.9 

5.1 

Nonreducing sugars 

3.0 

2.3 

.35 

1. 1 

2.0 

4.7 

Starch 

6.8 

5. 0 

3.3 

2.3 

2.7 

4.3 

Cellulose 

30.0 

22.8 

31.0 

15. 9 

35.1 

20.5 

Pentosans 

4.1 

2.1 

13.5 

7.8 

21.5 

13.4 

Uronic acids 

8.9 

10. 9 

10,4 

9,1 

3.7 

13.4 



1 Produced during July and August 1936. 


Table 2. — Chemical composition of normal and of gall tissue of raspberry and 

sugar beets 



^ Raspberry 

Sugar beets i 

Analyses 

Cortical 

tissue 

Galls 

Normal 

tissue 

Galls 

Dry matter. — | 

Percent 

40. 7 

Percent 

17. 9 

Percent 

20. 0 

Percent 

16, 1 

Analyses on basis of dry matter: 

Ash 

4.9 

8.9 

2.7 1 

■■■' ■as 

.Ether extract--.--. - 

1.6 

4.1 

■ ■ .4. 

1.0 

Total nitrogen — 

1.4 

3.1 

.86 

•■ 2.88 

Alpha amino nitrogen - - 

.33 

.36 

'.2 

.31 

Amide nitrogen 

,02 

.05 

.02 

, ■ Trace 

Ammonia nitrogen — — 

.03 

. 23 

,02 

*02 

Nitrate nitrogen - 

Trace 

.0 

.01 

"■■.03 

Reducing sugars - - - - 

5.7 

8. 0 

. ■ ^ .7 

■■.8 

Nonreducing sugars...... ----- 

1.9 

.0 

69.6 

1 ' ■ . 41. 64 

Starch. 

9. 9 

3.0 

■ ■■ 1 

' ■ . ',■.2 

Cellulose- 

13. 2 

13. 8 

5. 1 

■■,■9.6 

Pentosans ■ 

14. 5 

7.3 


7,0' 

Uronic acids-- 

10.1 

'■ 8,2 

■■■■4.5:: 



‘ Produced during August and September 1937. 
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Glutathione determinations were made on galls, stems, and actively 
growing tips of tomato plants by the method of Okuda and Ogawa 
{23). Tills method gives both the oxidized and reduced forms of the 
sulpliydryl group. ^ The data (table 3) show that the tips of green- 
lioiise*^ plants contained much more glutathione than either the galls 
or stems. The galls from field plants had more than the stems. 

x4.scorbic acid determinations, also, were made on galls and on the 
tomato tissues by the method of Bessey and King {5). The results 
are given in table 4. As with glutatliione, actively growing tips con- 
tained much more ascorbic acid than stems or galls in which relatively 
little was found. 


Table 3. — Glutathione content of crown gall and of contiguous tomato stems 


Material 

Trials 

Glutathione per 
100 g of dry 
tissue 

' 

Material 

Trials 

Glutathione per 
100 g of dry 
tissue 

Re- 

duced 

form 

Oxi- 

dized 

form 

Re- 

duced 

form 

Oxi- 

dized 

form 

Grown in the green- 
house: 

Galls 

Number 

8 

i ■ 7 

4 

Milli- 

grams 

1.6 

1.1 

7.5 

Milli- 

grams 

1.6 

1.4 

3.7 

Grown in the field: 

Galls 

Number 

10 

8 

Milli- 
grams 1 
5.0 
2. 9 

. 

Milli- 

grams 

5.5 

2.0 

Stems 

Stems 

Active growing tips.. 



Table 4, — Ascorbic acid content of crown gall and of contiguous tomato tissue 


Material 

Trials 

Ascorbic 
acid per 100 
g of dry 
tissue 

Material 

Trials 

Ascorbic 
acid per 100 
g of dry 
tissue 

Grown in the greenhouse: 

Young galls 

Old galls 

Young stems... 

Old stems 

Active growing tips,—.. 

Number 

3 

3 

3 

3 

3 

Milligrams 

0.7 

.8 

.3 

.6 

2. 2 

Grown in the field: 

Galls 

Stems 

Number 

12 

12 

Milligrams 

.1 

.6 


CATALASE 

Catalase activity was determined by means of Appleman^s appa- 
ratus as modified by Davis (9). The method involves the measure- 
ment in a gas burette of the oxygen liberated from hydrogen peroxide 
by the enzynae. Two-gram and 10-g samples of gall and con- 
tiguous stem tissue, respectively, were ground with a small amount 
of w’ater, an excess of calcium carbonate, and a small amount of 
sand. After 2 nainutes of grinding the macerated tissue was put 
through a fine wire gauze, thoroughly washed, and made up to 100 
ml. Two milliliters of the gaU extract and 10 ml of the stem extract 
were placed in flasks containing 10 ml of phosphate buffer (pH 7.0) 
and the flasks attached to a mechanical shaker in a 25® C. constant- 
temperature bath. When the contents of the flasks reached the 
desired temperature, 5 ml of 3-percent neutral hydrogen peroxide 
was added to the flasks, the shaker was started, and the volume of 
the evolved gas was measured in a gas burette at regular intervals. 
The readings were converted to standard pressures and temperatures. 
The galls liberated 160 percent more gas than the same weight of 
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contiguous stem tissue. The data in figure 1 are based on the aver- 
age of 14 determinations on galls and an equal number of correspond- 
ing stems. 

^ PEROXIDASE 


Peroxidase activity was determined according to the method of 
Guthrie ( 11 ), based on the formation by the enzyme of phenol indo- 
phenoi from p-phenylenediamine hydrochloride and alpha-naphthoic 
ill the presence of hydrogen peroxide. One milliliter of a lO-percent 
plant extract prepared by grinding 10 g of tissue and diluting to 100 
ml was used for each determination. As seen from figure 2, the galls 
were approximately 120 percent more active in the formation of 
indophenol than an equal weight of the contiguous stem. The data 



Figure 1. — Catalase activity of crown gall and of contiguous stem tissue of 

tomato. 


are based on the average of 19 determinations on galls and an equal 
number of corresponding stems. 

OXIDASE 

Oxidase activity was measured by the Bunzel apparatus as modi- 
fied by Harvey (IS), based on the absorption of oxygen by pyrogalloL 
Twelve milliliters of a 1 -percent solution of pyrogallol was placed 
in the larger of the two arms of the apparatus, and in the other, 5 
ml of gall or stem juice together with 1 ml of phosphate buffer (pH 
6.5). In the vial was placed 1 ml of concentrated sodium hydroxide. 
The apparatus was immersed in a 25® C. constant-temperature tom 
and agitated for 2 hours by means of a mechanical shaker.^ The 
amount of oxygen absorbed was measured by the difference m the 
mercury column. The galls showed approximately 130 percent more 
oxidase activity than the contiguous stem (fig. 3).. The data are 
based on the average of nine determinations on galls and an equal 
number of corresponding stems. 
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INDOPHENOL PRODUCED PER GRAM OF TISSUE (MILLIGRAMS) 







Figube 2.— Peroxidase activity of crown gall and of contiguous stem tissue of 

tomato. 


OXYGEN ABSORBED PER GRAM OF TISSUE (MILLILITERS) 



Figure 3.— Oxidase activity of crown gaU and of contiguous stem tissue of 

tomato. 
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TYROSINASE 

The activity of tyrosinase was determined by a modified method 
of Eaper and Wormall { 24 ), which involves the estimation of the 
unchanged tyrosine by means of phenol reagent at various intervals. 
Fifty milliliters of expressed crown gall juice were placed in a 500-ml 
flask containing 200 ml of 0.05-percent tyrosine solution bufl'ered 
with borate to pH 8.0. The flasks were immersed in a 25° C. con- 
stant-temperature bath and rapidly aerated. At regular intervals 
10-ml samples were withdrawn and pipetted into 0.5 ml of 10-percent 
acetic acid and the mixture was brought to boiling. The solution 
was filtered into 100-ml volumetric flasks and the precipitate washed 
well with hot water. The filtrate was diluted to about 50 ml; 5 ml 


U1 



Figure 4. — The rate of destruction of tyrosine by the tyrosinase of crown gall 

from tomato. 

of phenol reagent and 25 ml of saturated sodium carbonate were 
added. After standing for one-half hour the flasks were made up 
to 100 ml and compared colorimetrically with a standard containing 
1 to 4 mg of tyrosine in 100 ml prepared at the same time as the 
unknown. In 8 hours 50 ml of crown gall juice destroyed one-half 
of the tyrosine, whereas no loss was detected from a similar prepara- 
tion of stem tissue (fig. 4). The data are based on the' average of 
six determinations on galls and an equal number of corresponding 
stems 

HYDROGEN-ION CONCENTRATION 

Hydrogen-ion concentration of galls and of contiguous stem both 
above and below the galls was determined with a glass electrode. 
About 3 g of tissue was mascerated in 10 ml of water, and the deter- 
minations on the liquid were made within 3 minutes. Nineteen 
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representatiye determinations gave the following averages: Gall 
tissue, pH 5.72; stem tissue pH 5.79. This indicates that no sig» 
nificant difference existed between the tissues, when large masses 
were thus examined. It is possible, however, that significant differ- 
ences exist between different portions of a given tissue, as suggested 
bv Berridge (^). 

DISCUSSION 

The analyses made of the galls and contiguous tissue indicate a 
condition in the galls similar to that found in young plant tissues. 
The ash, total nitrogen, and simple forms of nitrogen in tomato are 
generally higher, whereas nonmetabolically active materials, such as 
cellulose and pentosans, are lower in the galls than the host plant. 
The cellulose and pentosans of sugar beets are higher in galls than in 
contiguous uninfected tissue. ^ The difference between the two tissues 
in all three host plants is particularly noteworthy with respect to the 
more highly organized nitrogen. ^ This conclusion is apparent if the 
sum of the nitrogen fractions is subtracted from the total. The 
difference in nitrogen thus obtained, probably polypeptide or protein 
in character, is from two to four times as high in the gall as in normal 
tissue. So far as the analyses reported are concerned the papers 
cited in the introduction are in general confirmed by the present 
studies. 

Glutathione is found in greater abundance in the galls than in con- 
tiguous stems, but it is even more abundant in the actively growing 
tips. This situation is in accordance with HammetUs views on the 
role of glutathione in the organization of protein. 

The activity of the oxidizing enzymes may be considered a measure 
of the metabolic status of the tissue, and hence may serve as an indi- 
cator of the physiological response of plants to various treatments. 
Since the galls are in a highly active vegetative state, it is not sur- 
prising to find the concentration of catalase, peroxidase, and oxidase 
greater in the galls than in the stems. It is doubtful that the increase 
in catalase is owing to the hydrogen-ion concentration as suggested 
by Harvey {13), since no significant difference was found in the pH 
value of the galls and neighboring tissue used. Bristol {6) and Lantz 
{20) reported an inhibitory action of catalase on the oxidation processes 
within the cell. Unpublished determinations in the writers’ labora- 
tories on the rate of respiration, as measured by the Barcrof t appa- 
ratus, indicated a great increase in the uptake of oxygen in the galls 
•over that of the contiguous uninoculated tissue. It appears that 
under these conditions an environment would be created in which 
there would be an insufficient amount of oxygen for some of the cells. 
This, according to Smith (^5), and Smith, Brown, and Townsend {29), 
would compel these cells to divide if they were to live. 

The tyrosinase activity of the gall tissue deserves special comment. 
Although traces of this enzyme were observed both in a culture of 
Phyto7nonas tumefaciens and in the tomato plant, the tyrosinase of 
the galls is so great that the amounts cannot be quantitatively com- 
pared. Alpha amino nitrogen and tyrosinase activity were, respec- 
tively, 20 and 200 percent greater in the galls than in the contiguous 
steni. T Ross found a condition similar 

to this in abnormal potatoes. Rapidity of oxidation, indicated by 
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the increase in oxidative enzymes, and presence of a large amount of 
amino acids may favor both production and activity of tyrosinase in 
the galls. Nobntani (£2) found a marked stimulation of tyrosinase 
activity on a ^9-cresol substrate by a number of amino acids. 

All of the enzyme determinations are calculated on the basis of 
whole tissue and, therefore, may not be on a comparable basis. The 
contiguous tissue contains larger proportions of inert material, such 
as cellulose and pentosans, than is found in the galls. Since the 
metabolically active protoplasm is largely composed of nitrogenous 
material with only a small amount of carbohydrates, the nitrogen 
content instead of whole tissue may be used as another basis for calr 
culating enzyme activity. But even on the basis of total nitrogen the 
galls were higher in catalase, oxidase, and peroxidase, by 86, 73, and 
57 percent, respectively.^ 

SUMMARY 


A number of analyses have been made on the galls and contiguous 
tissue from tomatoes, raspberry, and sugar beets. In general the 
composition of gall tissue resembled that of young plants, being high 
in nitrogen and low in fibrous material. In sugar beets, however, 
the galls were more fibrous than the succulent host plant. The 
composition of the galls and contiguous tissues varied greatly depend- 
ing upon the time of harvest and the species of plant. 

The glutathione content of the tomato galls was greater than that 
of the contiguous stems, but was much lower than that of the growing 
tips. 

The more metabolically active tissue produced the greater amount 
of ascorbic acid. ^ 

The hydrogen-ion concentration of stems and galls of tomato tissue 
were approximately the same. ^ 

Catalase, oxidase, and peroxidase activity, on the wet-weight basis, 
were 160, 130, and 120 percent greater, respectively, in the tomato galls 
than in the contiguous tomato stem tissues. Calculated on the basis 
of total nitrogen instead of wet weight, the figures for galls were 86, 
73, and 57 percent greater, respectively, than those for stems. 

lExtraets from tomato galls rapidly destroyed tyrosine but a similar 
preparation from stems showed no tyrosinase activity. 
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STUDIES ON PROBABLE DAMAGE BY BLISTER RUST IN 
SOME REPRESENTATIVE STANDS OP YOUNG WEST- 
ERN WHITE PINE 1 


By Thomas W. Childs and J. W. Kimmby, assistant pathologists,^ Division of 
Forest Pathology, Bureau of Plant Industry, United States Department of Agri- 
culture 

INTRODUCTION 


It has long been known that white-pine blister rust {Cronartium 
ribicola Fisch.) is able to kill pines of susceptible species. Quanti- 
tative studies of damage by this disease are obviously essential to the 
formulation of satisfactory management and disease-control policies 
for white pine stands. Snell (7, S, 9, 10) ^ and others have discussed 
the effect of the rust on young eastern white pines {Finns strobus L.). 
Lachmund (5) has described examples of damage to commercially 
immature western white pines (P. monticola Dough), and Buchanan 
(1) has recently demonstrated the destructiveness of the disease to 
merchantable trees of the same species. 

This paper is concerned with the relationship between intensity of 
infection and degree of damage, and with some of the more important 
factors affecting this relationship, in stands of western white pine 
less than 50 feet in height. Even in very small trees the killing of 
occasional branches is of little or no material importance. When 
conditions for pine infection are very favorable, cankers may some- 
times be so numerous as to cause the death of trees simply by killing 
most of the branches individually (i. e., without girdling the trunks) 
(5), but in such cases the amount of infection present far exceeds the 
minimum necessary to cause the same damage by trunk girdling within 
a few additional years. Throughout this paper, therefore, only those 
cankers that have entered or may be expected to enter the trunks 
are considered to be injurious to the host. 


METHODS 

' The studies were generally confined to areas where practically all of 
the cankers had originated in a single year or in two consecutive 
years as indicated by Lachmund’s method (8) of determining the age 
of infection on western white pine, and data were usually taken only 
on those cankers that appeared to have originated during the year or 
years of heaviest infection. In most cases the trees were examined as 
soon as the cankers were large enough to be found ea^sily (about 5 
years after the occurrence of the infection). The following data were 


1 Keceived for publication May 31, 1938; issued November 1938. . * • ^ 

2 Stationed at the U. S. Forest Pathology Field Laboratory, Portland, Oreg., maintained m cooperawon 

with the United States Forest Service. The writers wish to acknowledge their indebtedness to u . S. Hu- 
chanan and J. L. Mielke, of the Division of Forest Pathology; to H O. Lachmund, C. J.Nusbaum, and C, N . 
Partington, formerly of that Division; and to the late A. T. Davidson, in charge of blister rust inv^t^atiqns 
for the Dominion Government, to H. T. Giissow, Dominion botanist, and to_ other members of the Domin*' 
ion and Provincial Governments of Canada for their friendly cooperation during the course of the mvestiga- 
tions in that country. . - hao 
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recorded for every infected tree: Height at time of infection and at 
time of examination, length and width of crown at time of infection 
(except at Brackendale, where crown dimensions were taken as of 
the year of examination), number of cankers, and number of cankers 
capable of causing damage. In British Columbia the following addi- 
tional data were usually taken on each canker: Distance from ground 
distance from trunk, and probable date when damage would be 
caused. Where not otherwise specified, all data presented are as of 
the year in which infection occurred. 

Lachmund (4, 491-499) has published a detailed description of 

the principal factors that determine whether or not a given canker 
will* ever enter the trunk, and of the method of calculating the time and 
severity of the injury that will be caused by cankers able to enter. 
The studies reported in this paper are based almost entirely upon 
such calculations, since few stands of western white pine have as yet 
been exposed to the rust long enough for damage from even the older 
cankers to manifest itself fully, and since successive waves of infec- 
tion are usually so heavy as to prevent any determination of the 
damage that might result from smaller numbers of cankers. For the 
same reasons it has been impossible to make extensive comparisons 
of calculated results with actual results; however, a careful reexamina- 
tion (about 5 years after the original examination) of 959 cankers on 
one of the study areas (Revelstoke) indicated that damage, although 
some\vhat slow’-er than had been expected, w^ould conform very closely 
to the original calculations. 

The potential effect of each individual canker was determined 
without ref erence to any other canker. For example, a canker that 
w^ould kill its host in 20 years if it were the only canker present w^'as 
recorded as a fatal infection even if another canker w^as present that 
W'Ould kill in 15 years. Cankers were classified in three groups: 

(1) Those that would kill (this group included a majority of the 
cankers capable of damaging, even in trees from 40 to 50 feet tall), 

(2) those that would seriously injure (4, P- 498)^ and (3) those that 
would never enter the trunk. It makes little difference from a prac- 
tical standpoint, however, whether a dree is Idlled or only injured to 
such an extent that its potential value is largely destroyed ; accordingly, 
throughout this paper no distinction is made between cankers capable 
of killing and those capable only of causing serious injury. 

STUDY AREAS 

The studies were initiated in 1928 on an area of level land at a low^ 
elevation near Brackendale in the coastal region of British Columbia. 
Very few ribes vrere present on this study area, but large numbers of 
some of the most susceptible species, including Ribes bracteosum 
Dough, R, divaricatum Dough, and a few^ plantings of R. nigrum L., 
occurred around it. Western white pines ranging from 10 to 60 feet 
in height w-ere mixed with Douglas fir {Pseudotsuga taxifoUa (Lam.) 
Britt.) and western hemlock {Tsuga heterophylla (Raf .) Sarg.) in a 
stand of rather uneven density. Blister rust became established in 
this locality about 1913. Moderately heavy pine infection occurred 
during 1917 and 1918, and again during 1920 and 1921. Only those 
cankers originating during 1917 and 1918 w^ere included in the study. 
Since practically all of the sporidia came from ribes at some distance 
from the study area, pine infection was distributed fairly uniformly 

throusrhout the start rl 
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The studies were continued during 1929 to 1932, inclusive, near 
Kevelstoke,^ in eastern British Columbia about 135 miles north of the 
international boundary. This area was situated on a steep slope 
just above the Columbia Kiver, and ranged from about 1,800 to about 
2,400 feet in elevation. Bibes lacusfre (Pers.) Poir. occurred commonly 
along a small stream, and scattered bushes of the same species were 
present in various other parts of the area. The nearest ribes of an}^ 
other species were several miles avray. Western white pines, mostly 
less than 25 feet tall, were mixed with other conifers, willows, aspen, 
alders, etc., in a stand of rather irregular density. The rust probably 
became established here about 1917. A light wave of pine infection 
occurred in 1922, a few additional cankers originated in 1924 and 1925, 
and several thousand cankers originated during 1927 and 1928. 
Data were taken on all cankers, regardless of their age. The cankers 
on this area have been separated into two groups: Those originating 
in 1922, and those originating during 1924 to 1928, inclusive. All 
cankers of the latter group are herein assumed, for the sake of con- 
venience j to have originated in 1927 (the year in which more than 
80 percent of the total infection occurred). 

An area® at an elevation of approximately 2,000 feet near Hunter 
Siding (about 50 miles south of Revelstoke) was examined during 1930 
to 1933, inclusive. Western white pines, averaging 443 per acre, 
were mixed with other conifers and various hardwoods in a fairly 
dense stand. Infection here originated in 1928 and in 1930 from 
inoculated ribes at the center of the area. Data were taken on all 
cankers. Tree dimensions are herein given as of 1928 (the year in 
which slightly more than 50 percent of the infection occurred). 

By 1933 the disease had become common and conspicuous on pines, 
at several infection centers in Idaho. The following five areas in that 
State were examined during that year: Crystal Creek (east of Ferii- 
w^ood, Benewah County), St. Maries River (east of Clarkia, Shoshone 
County), Gold Center Creek (east of Clarkia), Deep Creek (south of 
Elk River, Clearwater County), and Elk River (south of Elk River). 
These areas were situated on gentle to moderate slopes at elevations 
ranging from about 2,000 to about 3,500 feet. ^Tiite pine was the 
principal tree species on all the areas except the one at Deep Creek, 
where Douglas fir and western hemlock were also abundant. The 
stands were moderately dense at Crystal Creek and St. Maries River, 
somewhat less so at Deep Creek, irregular but generally open at Elk 
River, and quite open at Gold Center Creek. In every case, highly 
susceptible stream-type ribes had been abundant in the immediate 
vicinity of the pines, but these bushes had recently been destroyed 
except at Crystal Creek. Practically all of the cankers, and all of 
those included in the study, were of 1927 origin at Crystal Creek and 
St. Maries River, of 1928 origin at Deep Creek and Elk River, and of 
1930 origin at Gold Center Creek. 

On the Revelstoke, Hunter’s Siding, and Gold Center Creek areas, 
detailed data were taken on all trees, both infected and uninfected. 
On the rest of the Idaho areas, and at Brackendale, no record wais 
kept of uninfected trees, and infected trees were ignored whenever a 

* A more detailed description of this area is given by Mielke (^), The tree and canker bases used in this 
paper differ slightlv from those used by Mielke, since insufficient data on some of the cankers necessitated 
their omission and‘since a few cankers that may have originated in 1929 have been ineluded. 

6 Described in more detail by Buchanan and Kimmey (O. 




Table 1.- — Number of cankers and infected trees f by tree-height classes ^ used on the various study areas 
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siifiicient representation of the height class to which they belonged 
had already been secured on that area. 

All of the areas, in both British Columbia and Idaho, were repre- 
sentative of good white pine sites in their respective regions. Prac- 
tically all of the trees included in these studies were dominant or 
codominant. The number of cankers and the number of infected 
trees on each of the study areas are given by tree-height classes in 
table 1. 

RELATIONSHIP BETWEEN INFECTION AND DAMAGE IN 
INDIVIDUAL TREES 

Infections occasionally occur on the needle-bearing portion of the 
main stem and on the small secondary branches common in the interior 
of western white pine crowns, but most of the foliage, and hence most 
of the infections, occur near the ends of the primary branches and their 
principal ramifications. In small trees (i. e., up to about 5 feet in 
height) the branches are so short that a majority of the cankers are 
able to grow into the main stem, where their action is almost invariably 
fatal because of the extensive development of the crown above the 
infected whorl during the period between infection and stem girdling, 
and because cankers on stems of young trees are usually able to con- 
tinue downward growth until the base of the crown is reached. In 
larger trees, cankers may be grouped in three intergrading classes, in 
decreasing order of frequency, as follows: (1) Those originating in the 
lower part of the crown, which are generally unable to enter the trunk 
because they are usually situated near the ends of long branches; 
(2) those originating in the intermediate part of the crown, which are 
frequently able to enter the trunk and in such cases are almost always 
fatal; (3) those originating in the upper part of the crown, which are 
usually able to enter the trunk but which may merely injure rather 
than kill if a large part of the crown still exists below the infected 
whorl when the trunk is girdled and if the canker is subsequently 
unable to grow down to the base of the crowm. 

Most cankers occur in the lower portions of the crowns, principally 
because much greater quantities of foliage are present there than in 
the tops of the trees. It might therefore be expected that the percent- 
age of cankers capable of causing damage would be much less in larger 
trees, whose lower branches are too long to be traversed by very many 
of the cankers originating near their tips, than in smaller trees. 
Figures 1 and 2 show tliis to be the case. Many of the differences 
apparent between the various curves in these two figures were also at 
least pa;rtially attributable to differences in crowm width. For exam- 
ple, crown widths (by 5-foot tree-height classes) for trees from 15.1 
to 50.0 feet tall ranged from 6 to 10 feet at Crystal Creek and from 8 to 
16 feet at St. Maries River, while percentages of cankers capable of 
causing damage in these height classes (fig. 2) ranged from 21 to 32 and 
15 to 23, respectively. These areas appeared fairly similar in other 
respects, and it seems highly probable that crowm width was the factor 
principally responsible for the difference between these twm percent- 
age ranges. On the other hand, the percentage of cankers capable 
of causing damage to trees of any given height class on the Revelstoke 
area (fig. 1) was distinctly greater in the infection wave of 1922 than 
in that of 1927, although average crown widths by height classes in the 
latter year did not differ appreciably from those in the former. In 
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1922 this stand was relatively open, and in only a few cases was sup- 
pression of infected branches likely to prevent growth of cankers into 
the trunks. By 1927 the coniferous and hardwood cover was begin- 



Figuee 1. — Percentage of cankers capable of causing damage in the various 
height classes on study areas in British Columbia. 



PiGURE 2. — Percentage of cankers capable of causing damage in the various 
height classes on study areas in Idaho. 

txing to close over muck of the area, and it was obvious that cankers of 
1927 origin at increasing distances from the trunks were progressively 
less likely to enter than were those of 1922 ori-crio ^f.nKlA !o^ 
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Table 2 . — Percentages of caulkers, originating at different distances from the trunks 
on the Revelstoke area, capable of causing damage ^ 


Cankers capable 
Canker basis 2 of causing 
D istanee of can- damage 

ker origin from 

trunk (feet) jg22 1927 1922 1927 

infec- infec- infec- infec- 
tion tion tion tion 


Num- Num- 
ber her Percent Percent 
0. 1-1.0 59 536 93 87 

1. 1- 2.0 116 1,418 81 49 

2;i-3.0 85 1,786 44 16 

3.1- 4.0 37 1,448 22 3 

4. 1- 5.0 14 1,054 7 3 + 


1 Data from all tree-height classes. 

2 Total basis differs from that given in table 1 because data on distance from trunk were not available for 
all cankers. 

3 The plus signs signify percentages greater than 0 but less than 0. 5. 

Unfortunately, the available data are insufficient to illustrate the 
relation between crown length and severity of damage. Other things 
being equal, it is evident that shortening of the crowns will not result 
in a proportional reduction in the number of cankers capable of damag- 
ing, since such cankers usually originate in the upper portions of the 
crowns. In reality, however, trees subjected to lateral suppression 
differ in many respects from those receiving full side light, and the 
probable extent of damage from a given degree of infection in a closed 
stand consequently cannot be even approximately predicted from 
studies of more open stands, or vice versa. 

Table 3 shows that the period between infection and actual occur- 
rence of damage is longer, on an average, in large than in small trees. 
The most rapid increase in the length of this period apparently takes 
place in trees less than about 10 feet tall. Both crown widths and 
distances of cankers in general from the trunks are considerably greater 
in larger trees, but cankers near the ends of long branches are rarely 
able to cause damage and the average distance of potentially damag- 
ing cankers from the trunks of such trees is accordingly only slightly 
greater than in trees 10 feet tall. Then, too, cankers grow more rapidly 
on thick branches than on slender ones (4), and on long branches may 
consequently grow at rates that partially compensate for the greater 
distances to be traversed. 

Lachmund (4) found canker growth rates to be somewhat higher 
on branches of the same diameter at low elevations in the coastal 
region of British Columbia than at Revelstoke. The average time 
required for damage to occur in a given height class might therefore 
be expected to be somewhat shorter at Brackendale than at Revelstoke, 
since table 3 shows that average distances from trunks to points of 
origin of potentially damaging cankers were approximately the same 
on these two areas. At Bi'ankendale, however, the branches were 
unusually slender and growth of cankers was correspondingly slow. 

From the foregoing discussion it will be seen that numerous factors 
may cause appreciable variation in the relationship between intensity 
of infection and probability of damage by blister rust, even in adjacent 
trees. The data presented herein indicate, however, that consider- 
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able damage can be caused by relatively light infection in trees less 
than 50 feet tall, and that such damage will generally occur before 
commercial maturity under western standards is attained. 

Table 3 . — Distance from trunk to point of origin of potentially damaging cankers , and 
average time required for damage to occur 



Revelstoke i 

Brackendale 

Tree height 
class (feet) 

Average 
distance 
from 
trunk to 
origin 
of po- 
tentially 
damag- 
ing 

cankers 

Average 
time 
from 
infec- 
tion to 
damage 

Average 
distance 
from 
trunk to 
origin 
of po- 
tentially 
damag- 
ing 

cankers 

Average 
time 
from 
infec- 
tion to 
damage 

0.1-5.0 

Feet 
0.5 1 
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11 

Feet 
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5.1-10.0 

1.2 

16 

i.i 

17 
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1.7 ' 

18 

1.8 1 

18 

15.1-20.0 

2.0 

20 

1.6 

19 

20.1-25.0..-. 

2.1 
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1.9 1 
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Tree height 
class (feet) 

Revelstoke i 

Brackendale 

Average 
distance 
from 
trunk to 
origin 
of po- 
tentially 
damag- 
ing 

cankers 

Average 
time 
from 
infec- 
tion to 
damage 

Average 
distance 
from 
trunk to 
origin 
of po- 
tentially 
damag- 
ing 

cankers 

Average 
time 
from 
infec- 
tion to 
damage 

1 

25.1-30.0 

Feet 

Years 

Feet 

2.-0 

1.9 

2.1 

2.4 

2.1 

Years 

20 

20 

21 

23 

22 

30.1-35.0 



35.1-40.0 



40.1-45.0 



45.1-50.0 







I Infection originating in 1922. 

The effect of blister rust on trees more than about 50 feet in height 
cannot be even approximately predicted by extrapolation of the 
data herein presented. Crowns change in form and character as the 
rate of height growth diminishes, and these changes become most 
pronounced in trees between 50 and 100 feet tall. Since the structure 
of the crowns very largely determines the extent of the damage 
likely to result from a given number of cankers, it is evident that 
conclusions as to the probable liability of infected mature and nearly 
mature trees to damage can be derived only from studies of such 
trees. 

EFFECT OF TREE SIZE ON LIABILITY TO INFECTION AND 
RESULTANT DAMAGE 

Large trees usually have much more foliage and, as a result, are 
much more subject to infection than are smaller trees exposed to the 
same conditions. Consequently, although the percentage of cankers 
capable of causing damage decreases with increasing tree size (figs. 
1 and 2), percentages of total trees damaged are frequently, if not 
always, greater in the larger size classes (up to at least 40 feet in 
height) of uneven-aged stands of reproduction. This is shown in 
table 4, where infection and damage percentages in the various height 
classes are given for the Revelstoke, Hunter’s Siding, and Gold 
Center Creek areas. 

This relationship between size of tree and liability to damage 
appears fundamentally unlike that described by Snell in Pinus strobus 
(7, 8). Snell’s results cannot be directly compared with those of the 
present study, because he considered as damaged only those trees 
that would be killed by the rust at ages of less than 50 years, and 
because his estimates of damage in the various height classes are 
expressed as percentages of infected trees instead of as percentages of 
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total trees; his data and discussion, however, indicate that infection 
of P. strobus is most severe among the smallest trees. The dissimilar- 
ity between the two species must therefore be partially attributable 
to differences in conditions governing distribution of infection, and 
possibly also to differences in development of and host reaction to es- 
tablished cankers, as well as to the use of different criteria in the 
estimation of damage. 


Table 4 . — Infection and da^nage, hy tree-height classes, on the Revclstoke,^ Hunted s 
Siding, and Gold Center Creek areas 


Area and tree-lieiglit class (feet) 

Ba.sis 1 

Average per tree 

Trees 

infected 

Trees 

damaged 

Trees 

Cankers 

Total 

cankers 

Cankers 
capable of 
damaging 

Revelstoke; 

Number 

Number : 

Number 

Number 

Percent 

Percent 

0.1-5.0 - 

3,107 

239 

0.1 


7 

5 

5.1-10.0 - 

2,046 ; 

739 

.4 

0.1 

23 

12 

10.1-15.0 

1,218 i 

1,025 i 

.8 

. 2 

42 

19 

15.1-20.0 

1, 160 

1, 628 

1.4 

.3 

52 

23 

20.1-25.0 

1, 258 

2, 603 

2.1 

.4 

62 

27 

25.1-30.0 

812 

2, 215 

2.7 

.5 

67 

29 

30.1-35.0.--- 

274 

1, 098 

4.0 

.0 

73 

36 

35.1-40.0 

42 

213 

5.1 

.4 

79 

36 

Hunter’s Siding: 







0.1-5,0 

172 

20 

.1 

.1 

6 

5 

5.1-10.0 

189 

42 

. 2 

.1 

16 

7 

10.1-15.0 - 

194 

85 

]4 

.1 

21 

7 

15,1-20.0 

108 

60 

.6 

. 2 

19 

8 

20.1-25.0 

43 

19 

.4 

!i 

33 

12 

Gold Center Greek: 







0. 1-5.0 

473 

178 

.4 

.3 

25 

24 

5,1-10.0 - 

122 

189 

1.6 

1.0 

57 

41 

10.1-15.0 

11 

19 

1.7 

.6 

73 

45 


1 Infection originating in 1924 to 1928, inclusive. 

2 The plus sign signifies percentages greater than 0 but less than 0. 5. 


RELATIONSHIP BETWEEN INFECTION AND DAMAGE IN THE 
STAND AS A WHOLE 

As pine infection pyramids in a stand, the percentage of trees 
infected increases more and more slowly relative to the increase in 
the number of canlcers. For example, suppose that a stand exists in 
wlxich all the trees are of the same size, are growing under the same 
environmental conditions, and are exposed to infection from distant 
concentrations of ribes. The resulting infection will not be absolutely 
uniform throughout the stand, but instead will be distributed almost 
at random; consequently, some of the trees will have more than one 
canker while others will have none. If n cankers originate and 40 
percent of the trees become infected during the first year of exposure 
to the rust, and a second infection wave increases the number of 
cankers to 2n, then the percentage of trees infected vdll not be in- 
creased to 80, but only to about 64. Cankers originating during the 
second wave will, it is true, infect approximately 40 percent of the 
trees, but on an average only three-fifths of this 40 percent will consist 
of trees becoming infected for the first time, since the infection is dis- 
tributed at random through a stand in which two-fifths of the trees 
are already infected. In the same way, subsequent infection waves 
equal in magnitude to the first will successively increase the percent- 
age of trees infected to about 78, 87, etc. 
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Natural stands are never composed entirely of trees of exactly the 
same size subjected to identical environmental conditions. In many 
cases, also, the infected ribes are located in or near the stand. Con- 
sequently, some of the trees are much more likely to become infected 
than are"^ others, and infection is even less uniform than if it were dis- 
tributed pui-ely at random. During each successive infection wave 
cankers will become more numerous on those trees whose size and 
situation render them most liable to infection, whde some of the other 
trees may remain rust-free for a considerable period even in localities 
where the disease is abundant. 

Figure 3 ® shows the probable percentages of infection corresponding 
to different average numbers of cankers per tree under conditions 
permitting perfectly random infection,’' and under the conditions that 
governed the distnbution of the 1927 infection on the Eevelstoke 



Figure 3. — Distribution of the 1927 infection on the Revelstoke area compared 
with random distribution. (Explanation in text.) 

area. It will be seen that the percentage of infection on thelllevel- 
stoke area as a whole (point a) was far less than that which would have 
resulted from the same number of cankers distributed at random in 
a homogeneous stand of equal magnitude (curve e). In curve & the 
effect of differences in infection conditions (e. g., distance from ribes) 
has been reduced by dividing the area into ho-acre blocks, grouping 
the blocks according to the average number of cankers per tree 

6 Modified from; Lachmund, H. G. degree of infection by cronartixtm ribicola required to kill 
OR seriously injure trees of different size classes of pinus monticola. May 1933. [Unpublished 
manuscript.] 

This theoretical curve indicates infection probabilities in samples consisting of 10 trees each. This 
particular size of sample was chosen as a basis for the curve because it was of about the same general order 
of magnitude as most of the samples used in constructing curves b and d of fig. 3, and because it was con- 
venient for calculation purposes. The form of the theoretical curve is affected to some extent by the size of 
sample for which it is drawn (e. g., where each sample consists of 10,000 trees, infection percentages are 
approximately 60, 84, 94, and 97 when the.average numbers of cankers per tree are 1, 2, 3, and 4, respectively) 
but this variation is not sufficiently great to require consideration here. 
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(blocks containing less than four pines were not included in the 
computations), and plotting a separate point for each of the groups 
thus obtained. In curve c the effect of differences in tree size has 
been reduced by plotting a separate point for each 5~foot height class. 
In constructing curve d, separate computations were made for each 
5-foot height class in each Ko-acre block (blocks containing less than 
four pines of any given height class were not included in the com- 
putations for that particular class), and the subsequent grouping was 
determined entirely by canker frequency — ^i. e., the data were not 
first averaged by blocks. In this curve the effect of differences in 
both tree size and infection conditions has been appreciably reduced 
but has not been completely eliminated, since there may be relatively 
great differences in size between trees of a single 5-foot height class 
and since infection conditions may be far from uniform even within 
the limits of a Ko-^cre block (particularly when, as in the present 
instance, the ribes are located in or near the stand). Most, if not all, 
of the disparity between curve d and the theoretical curve (e) must 
therefore be ascribed to the diversity of tree sizes and situations char- 
acteristic of even the smallest units into which the basic data could 
practicably be organized. 

For the sake of convenience the discussion in the three preceding 
paragraphs has been entirely confined to the relationship between 
total cankers present in a stand and the resultant percentage of trees 
infected. It is evident, however, that the same general relationship 
must exist between numbers of damaging cankers present and per- 
centages of trees damaged. In the present instance, a smoothed 
curve drawn for the data presented in d of figure 3 differed algebrai- 
cally by an average of only 0.14 percent from a curve constructed in 
the same way but based on numbers of damaging cankers and per- 
centages of trees damaged in the various height classes and Ko-acre 
blocks. Curve c of figure 3 may therefore be considered approximately 
indicative of the probable distribution of damage, under damaging- 
canker frequencies up to an average of five per tree, in any 5-foot 
height class on the Kevelstoke area as a whole. From these premises 
it is possible to estimate the approximate extent of the damage likely 
to be caused on this area by different given numbers of cankers. 
Experience with the rust at numerous infection centers has shown 
that waves of pine infection become progressively more severe as the 
increasing abundance of aeciospores results in increased ribes infection 
and consequent production of telia. More than 10,000 cankers became 
established on the Revelstoke area within relatively few years after 
the first appearance of the disease in this locality, and during a period 
when production of telia was still far below the average capacity of 
Ribes lacustre {6)] it therefore seems entirely possible that 100,000 
or more cankers might originate here in a single year during the next 
one or two decades even if there wrere no increase in the size and 
number of the pines. One such wave, if distributed in the same 
way as the 1927 infection (table 4), would result in an average of 
about 0.5 damaging canker per tree in the 0.1- to 5.0-foot height class 
and more than 4.0 damaging cankers per tree in the 25.1- to 40.0-foot 
height classes. Curve c in figure 3 indicates that the resulting damage 
would involve more than 25 percent of the 0.1- to 5.0-foot trees and 
more than 70 percent of the 25.1- to 40.0-foot trees. It is obvious 
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that stands of young western white pine exposed to successive infec- 
tion waves of even moderate severity will be ruined for all practical 
purposes before commercial maturity is attained. 

SUMMARY 

Western wliite pines on several areas in British Columbia and Idaho 
were carefully examined for infection. A calculation, based on 
previous studies of the behavior of the rust on pines, was made of the 
probable effect on the tree of each canker. The percentage of cankers 
capable of damaging w^as found to range from nearly 100 in the 
smallest trees to less than 30 in trees from 45 to 50 feet tall, but the 
larger trees (up to at least 40 feet in height) become much more 
heavily infected than do small trees in the same stand and are con- 
sequently more liable to damage. Within a given height class, the 
percentage of cankers capable of damaging and the length of time 
required for such damage to occur may vary, depending on crown 
width, rate at which branches are being killed by suppression, and 
other factors. 

iUthough complete destruction of extensive young stands can occur 
only when enormous numbers of cankers are present, serious damage 
may result from relatively few cankers, and stands exposed to even 
moderately severe infection will be practically destroyed before becom- 
ing commercially mature. 
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the essentiality of gallium to growth and 
reproduction of ASPERGILLUS NIGER ^ 

By Rob'ert a. Steinberg 

, vhiisiologist, Dwision of Tobacco a7id Plant Nutrition, Bureau of Plant 

AssoMt 1 J‘ United States Department of Agricultuie 

INTRODUCTION 

Tn Tiiirsuance of the same general objectives as in preyioiy work wifh 
Ib pB • Tieo-h. ^ the study of the growth of this organ- 

purified ^nutrient components has been continued, 
ft hrmsufed inVe identification of the chemcal element gallmnr 

^ oaapntial for the nutrition and reproduction of this fungus. 

^^The element gallium, so far as is known to the writer, has ^ 

1 wd to be essential to the growth of an organism. Though studies 

SStttoroTgZlh are to be found, the e.™rimenld contomns 
pr^ZaW "-er? not such as to permit any evidence of its necessitj 

to become known. 

EXPERIMENTAL METHODS 

The nrocedures employed in previous investigations were used m 
tvipcse Sadies with certain modifications. These changes consiste 

the substitution of transparent quartz vessels dis- 

rtnv The nutrient solutions were prepared ;vvith y atei ciis 

?Tlpd Jiccessivelv in an Acree metal still, a pyrex glass 

tilled The sucrose, which contained 0.0014 per- 

*™?nsh^was exLncted^ith 95-percent alcohol for 6 hours in a pyrex 
Solle^e^trac^ use. The chemicals used 

spectroscopically pure, usually contaming only very slight impunt 

°^ 0 ?hlrconSns ?emaYS unchanged. The fungus 

”S lneceSi7SS haYbccn added in approximately optimum 

Its “'Se SycdfattSteZeiveighcd after 
drying overnight at 103° C. 

EXPERIMENTAL RESULTS 
Tbe exnerimental results obtained under the 

C?p£i opKK = i - 

extracteS Bucrose and rcKeut ohemcah «« fold J 

SlXZYc c^aWe of £b 

nating the decrease in yield most efficiently. Only u.u- mg o g 
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per liter was used in experiment 2. The maximum total yield reached 
a value of 1,123.6 mg, or almost exactly that obtained in many previous 
experiments with chemicals of slightly lower purity. 

The next two experiments differed only as concerned the concentra- 
tions of the trace elements added to the nutrient solutions. In the 
third experiment, manganese was increased to 0.05 mg per liter, and 
in the fourth manganese and gallium were used at 0.05 and 0.01 mg 
per liter, respectively. The last two experiments of this table give 
the results first obtained with nutrient-solution pu^cation by use of 
spectroscopically pure calcium and magnesium oxides. 


Table 1 . — Trace-element requirements of Aspergillus niger when grown for 4 days at 
3r5° C. in quartz vessels in a nutrient solution ^ made with triply distilled water, ex- 
tracted sucrose, and spectroscopically pure chemicals 


Element 

omitted 

Optimum concentrations of 
all known constituents 

1 Gallium added to solution 

Approximately optimum con- 
centrations of all constituents 

1 

Yield 
I)er 
2.5 g 
su- 
crose 

i Pro- 
por- 
tion of 
maxi- 
mum 
yield 

Acid- 
j ity at 
har- 
vest 

Sporu- 
lation 2 

j Yield 
per 
' 2.5 g 
su- 
crose 

Pro- 
! por- 
tion of 
maxi- 
mum 
yield 

Acid- 
ity at 
har- 
vest 

Sporu- 
lation 2 

1 

Yield 
per 
2.5 g 
su- 
crose 

Pro- 
por- 
tion of 
maxi- 
mum 
yield 

Acid- 
ity at 
har- 
vest 

Sporu- 
lation 2 

Ee 

Zn 

Cu 

Mn 

Mo 

Ga 

209.7 
20.7 
653. 1 
339.6 
747.4 

Per- 
' cent 
\ 25,76 

1 2.55 

80.24 
41.73 
91.82 

1.73 
2.81 
1.71 
1.79 
[ 1.64 

3, bl. 
2,bl. 
2,t. 

0 

4, bl. 

Mg 

409.4 
24.0 

892.1 

398.3 

1,014.1 

935.5 

1.053.6 

1. 123. 6 

Per- 
cent 
38.86 
2.28 
84.67 
37.80 
96.25 
88.79 
100. 00 

pH 

1. 95 
2.67 

1. 55 
1.70 
1.52 

1.56 
1. 56 

4, hi. 
2, hi. 
2, hi. 
0 

4, hi. 

5, hi. 
4, bl. 

Mg 

529.1 
25.1 

991.7 

363.7 

I, 134. 1 

968.1 

II, 131.7 
1, 160.9 

Per- 
cent 
46. 57 
2.22 
87. 63 
32. 14 
100. 21 
85.54 
100. 00 

pH 
1.82 
2. 67 

1. 54 
1.74 
1. 52 

1. 55 
1. 57 

6, hi. 
2,bL 

2, bl. 

0 

3, bl. 
8,bl. 

4, bl. 

None 

814.0 
' 847. 1 

100.00 

1.77 

7,bl. 

C U.** 

33. 88 



44.94 



46.44 



pTT6_. 


4.85 



4.94 



5. 00 













Element 

omitted 

Almost optimum concentra- 
tions of all constituents 

Solution purified with CaO 
at 100° C. .# 

Solution purified with MgO 
at 100° C. 

Yield 
per 
2.5 g 
su- 
crose 

Pro- 
por- 
tion of 
maxi- 
mum 
yield 

Acid- 
ity at , 
har- 
vest 

Sporu- 
lation 2 

Yield 
per 
2.5 g 
su- 
crose 

Pro- 
por- 
tion of 
maxi- 
mum , 
yield 

Acid- 
ity at 
har- 
vest 

Sporu- 
lation 2 

Yield 
per 
2.5 g 
su- 
crose 

Pro- 
por- 
tion of 
maxi- 
mum 
yield 

Acid- 
ity at 1 
har- 
vest 

Sporu- 
lation 2 

Fe-_— — ... 

Zn... 

Cu - 

Mn 

Mo - 

Ga 

None, 

Max.3.,.„ 

Mg 
44.36 
24.3 
998.0 
343.2 
1, 036. 5 
848.9 
1, 054. 8 
1,161.7 

Per- 

cent 

42.05 

2.30 

94.62 

32.54 

98.26 

80.47 

100.00 

pH 

1.89 

2.75 

1.55 

1.80 

1.53 

1.59 

1.60 

6, hi. 
2, hi. 
2, hr. 
0 

6, hi. 

6, hi. 

7, hi. 

Mg 

80.2 

221.8 

498.6 

195.8 
660.4 
260.0 

626.9 
1,008.8 

Per- 
cent 
12. 79 
35. 38 
79.53 
31.23' 
105. 34 
41. 47 
100.00' 

pH 
2.76 
2.31 
1. 94 
2.05 
1.80 
2.30 
1.86 

l,bl. 
10, bl. 
l,bl. 
0 

8, bl. 
4, bl. 
6,bl. 

Mg 
592.31 
38.0 
781. 6 
504. 2i 
911.2 
658.8 
850. 5 
1,145.11 

Per- 
cent 
71. 14 
4.57 
91.29 
60. 57 
109.45 
79. 13 
100. 00 

pH 
1.87 
2. 81 
1.67 
1.76 
1. 65 
1.85 
1. 73 

4, bl. 
4,bl. 
4, bl. 

0 

4,bl. 

4,bl. 

4,bL 

0. VA ... 

46.47 



40. 35 



45. 80 



pH 5 


4.90 



6.86 



6.43 













1 Each liter of nutrient solution contained the following ingredients: Sucrose, 50.0 g; (NH4)2S04, 3.40 g; 
KH2PO4, 0.55 g; Mg (as chloride), 0.025 g; iron, 0.20 mg; zinc, 0.20 mg; copper, 0.05 mg; manganese, 0.025 mg; 
and molybdenum, 0.02 mg. Somewhat higher concentrations of salts were used in the purification experi- 
ments. 

2 Sporulation was estimated on a scale ranging from 0 (== sterility) to 10 (= maximum sporulation); color 
of spores is indicated by abbreviation of the words tan, brown, and black. 

3 Maximum individual yield. 

* Coefi&cient of utilization, or yield per 100 g of sucrose. 

^Initial acidity of the nutrient solution. 
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Table 1. — Trace-element requirements of Aspergillus niger when grown for 4 days at 
35° C\ in quartz vessels in a nutrient solution made with triply distilled watei\ ex- 
tracted sucrose, and spectroscopically pure chemicals — Continued 


Element 

omitted 

Solution unpurified 

Solution purified with CaO I 
in steamer at 100° C. and i 
filtered 

Solution purified with GaO 
in autoclave at 120.5° C. and 
filtered 

Yield 
per 
2.5 g 
su- 
crose 

Pro- 1 
por- ! 
tion of 
maxi - 1 
mum 
yield 

Acid- 
ity at 
har- 
vest 

Sporu- 
lation 2 

Yield 
per 
2.5 g 
su- 
crose 

Pro- 
por- 
tion of 
maxi- 
mum i 
yield 

Acid- 
ity at j 
har- 
vest j 

Sporu- 
lation 2 

Yield 
per 
2.5 g 
su- 
crose 

Pro- 
por- 
tion of 
maxi- 
mum 
yield 

Acid- 
ity at 
har- 
vest 

Sporu- 
lation 2 

Fe - 

Zn 

Mg ' 

526.5 
22.6 

1. 056. 1 

369.6 

1. 061. 1 
926.5 

1, 163. 3 
1, 167. 8 

Per- 
cent 
45. 26 
1.94 
90. 78 
31. 77 
91.21 
79.64 
100, 00 

pH 

1. 81 

2. 76 
1.56 

1. 77 

1. 53 
1.58 

1.54 

6,bL 

2,bl. 

2,br. 

0 

4,bl. 

4,bl. 

4,bl. 

Mg 

72.2 

74.9 

461.1 

241.6 

861.6 
334.6 
887.9 

1, 101. 7 

Per- 

cent 

8. 13 
8.43 
61.94 
26.07 
97.03 
37.68 
100.00 

pH 
2.55 
2.59 
1.95 
1.94 
1.63 
2. 17 
1.63 

1, bl. 
4, bl. 

2, bL 
0 

6,bl. 

4,bl, 

6,bl. 

Mg 

123.8 

153.1 
596,3 
221.0 

1,043.2 

431.2 
1,005.5 
1,236.0 

Per- 
cent 
12.31 
15. 23 
59.30 
21.98 
! 103.75 
' 42.89 
: 100.00 

pH i 
2. 36 
2.31 
! 1.75 

i 2. 54 
1,51 
2.06 
: 1. 58 

2,bl. 
S,bl. 
2, br. 
0 

8, bl. 
5,bl. 
8, bl 

Cu- 

Mn - 

Mo 

Ga 

None 

Ma.Y 3 

C. JJ i 






44.07 



i 49.44 



Dll 5 - _ 


4.67 



6.64 



6.49 


yix — 











2 Sporulation was estimated on a scale ranging from 0 (— sterility) to 10 (= maximum sporulation) ; color 
of spores is indicated by abbreviation of tbe words tan, brown, and black. 

3 Maximum individual yield. 

4 Coefficient of utilization, or yield per 100 g of sucrose. 

5 Initial acidity of the nutrient solution. 

The results of deficiency tests with zinc and manganese were quite 
good, those with copper average, and those with iron and molybdenum 
poor. Purification was of little effect except with gallium. Acidities 
at harvest differed somewhat from those obtained in previous investi- 
gations with reagent chemicals. ^ The acidities of the minus-manganese 
cultures no longer tend to be higher than those of the control and the 
other minus cultures, though this may be associated with the excep- 
tionally low yields. The effects of low gallium^ on reproduction were 
not marked, and seemed analogous to those of iron and zinc with re- 
spect to the extent of deficiency necessary to affect sporulation. Other 
imtabulated experiments have demonstrated that moderate increases 
in iron, zinc, copper, manganese, or molybdenum were unable to 
overcome a deficiency in gallium. 

A comparison of the effects of trace-element deficiencies on the 
growth of Aspergillus in an unpurified solution when heated at lOO'^ C. 
in the steamer and when treated at 120.5° in the autoclave is given in 
table 1. The deficiency data are quite similar to those obtained in 
the previous experiments. Heating at the higher temperature did 
not improve the degree to which the trace elements were removed. 

Several features deserve mention. The results with iron are poor 
despite the use of spectroscopically pure compounds, but show marked 
improvement as a consequence of nutrient-solution purification. Zinc 
results were the best yet obtained without purification, whereas 
purified solutions with spectroscopically pure compoimds gave poorer 
results than purification with reagent compounds. Manganese- 
deficiency results likewise were superior to any yet obtained. The 
response to molybdenum deficiency even under these conditions is 
quite slight and in entire conformity with the special needs of Asper-’ 


Table 2.— Effect of various 7iitrogen compounds on trace-element requirements of As'pergillus mger when grown for 4 days at 3d° C. in pyrex 
glass flasks in a nutrient solution i made with water distilled in pyrex glass j extracted sucrose, and speciroscojncally pure trace elements 


572 


Journal of Agricultural Research 


Vol. 57, No. 8 


Urea 

III 

03 

(NcicffNTcDcJ'oo 




Acid- 
ity at 
har- 
vest 

c» t- -(f 0 CQ 

ci c4 w ci ci c4 


1 1'- 
:Tt( 

ll> 

Pro- 
por- 
tion of 
maxi- 
mum 
yield 

Per- 
cent 
33. 21 
4.90 
67. 77 
62. 27 
62.79 
38.96 
100. 00 

tC5 

loo 

1 c5 


Yield 
per 
2.5 g 
su- 
crose 

(N(NCiOClOC35»«t^OO 
iS’sid cA 'T/r -rti c4 CD 
2a>iMrt<t'-t'-coa5C» 
CO CO CO (N »0 CO 



NHiCl (solution purified 
with OaOOs) 

Spor- 

ula- 

tion 

00 r-I'cfdTwci' 




Acid- 
ity at 
har- 
vest 

(350000 000 
K.,OOOOTt<Tt<COCO'C}< 


05 

cd 

Pro- 
por- 
tion of 
maxi- 
mum 
yield 

Per- 

cent 

1.03 

1.73 

90. 07 

69. 07 
98. 58 
90. 13 

100. 00 

loo 

lod 

1 Tft 


Yield 
per 
2.5 g 
su- 
crose 

Mg 
12.1 
20.2 
1, 051. 2 
806.8 
1, 151. 5 
1, 052.8 
1, 168. 1 
1, 221. 7 



NaNOa (solution purified 
with CaCOs) 

Spor- 

iila- 

tion 

1,1)1. 
l,bl. 
4,t. 
l,bl. 
8, bl. 
6, br. 
10, bl. 




Acid- 
ity at 
har- 
vest 

CDr-l »Oi-<CDCOl35 
».p,r-(CO>-HOCOClOCC 
^co 00 cc of <N (M* cci 


0 

Pro- 
por- 
tion of 
maxi- 
mum 
yield 

CO CO CO >0 CO 0 

1 s.* -(f 05 00 0 00 0 

Js g ,-4 r4 <0 C> OO* CD* (d 
fX, t>.oo ocno 



Yield 
per 
2.5 g 
su- 
crose 

t^r-fCC»OO-!t<C)0a5 

i«q oi>0500coo 



Urea 

Spor- 

ula- 

tion 

23.o!32!33 

r-TcoedcdooocT 




Acid- 
ity at 
har- 
vest 

(M 00 1 -H 0 CO r-l 

^CDCOiOOCO>Oe<5 

oi c<i (N oi oi c4 


CO 

Pro- 
por- 
tion of 
maxi- 
mum 
yield 

Per- 
cent 
20. 30 
17.88 
65.39 
102. 24 
98. 01 
81. 76 
100. 00 

§ 


Yield 
per 
2.5 g 
su- 
crose 

Mg 

154.6 

136.2 
497.9 

778.4 

746.2 
622. 5 

761.4 
920.0 



NH 4 OI (solution purified 
with (3aO) 

Spor- 

ula- 

tion 

333 333 

r-T .-7(370 of (N* Tit 




Acid- 
ity at 
har- 
vest 

0 (X) CO CO 05 

).^I>-t>-.O05»O»OTi< 

ci r-i r4 r-l r-I 


7, 48 

Pro- 
por- 
tion of 
maxi- 
mum 
yield 

r-(0 0 OOO (M 0 
, .^>oioco»oio.-^o 

gr-ildOlOT^OOo' 

Q., 15 00(Nt>.000 

36. 46 



Yield 

per 

2.6 g 

su- 

crose 

Tii «0 0 .-H 05 Tfi 

.Sr-c t-5 cid co' e4 Tt? t 4 r-I 
JrHTt(OCOCOCO»0.-l 
^ COr-t »0 COIX35 



C 

U2 

w 

g. 

^ • n 

0 c3 Pi 

03 

S33 333 

cpcfccfoododt^ 




Acid- 
ity at 
har- 
vest 

CS» CO 0 .-H CO t- CO 

0 1>. CO UO CO »0 

cq r-l r4r4 Wr-i 


5.23 

Pro- 
por- 
tion of 
maxi- 
mum 
yield 

Per- 
cent 
31.98 
3.12 
83.24 
36. 19 
88. 66 
72.96 
IGO. 00 

39.90 


Yield 
per 
2.5 g 
su- 
crose 

CO r-( CO Tjt 05 r-i CO > 

(Sod c3 TjJ 05 ed cd i>4 i 

3 0 CO 0 tH wo 0 CD 05 1 

'^co oo(roooi>e35c» 1 



Element 

omitted 

J J=» 0 J g 5 


i 



^ CD O CD 
ro Co cS CCS 


CD CD © CD 
© O © © 

maimm 
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gillus for this element with nitrate nitrogen ^ as compared with 
ammonium nitrogen. 

A few miscellaneous experiments are shown in table 2. They were 
performed in the course of work now in progress to determine the ex- 
tent to which quartz ware and spectroscopically pure chemicals might 
be dispensed with in studies on gallium. Pyrex ware and reagent 
chemicals, for example, were used in the experiment with ammonium 
sulphate together with extracted sucrose, spectroscopically pure 
monopotassium phosphate, and spectroscopically pure trace elements. 
Other experiments were performed under similar conditions except 
that reagent dipotassium phosphate was used. In the first experi- 
ment with urea nitrogen only reagent chemicals and unextracted 
sucrose were employed. Only spectroscopically pure calcium oxide 
was used for purification of the nutrient solution. Even these 
preliminary data, nevertheless, show the marked influence of gallium 
on the growth of Aspergillus under a wide range of experimental con- 
ditions. Under optimum conditions for growth the customary im- 
provement in quantitative results should also be forthcoming. 

DISCUSSION 

The evidence obtained in favor of the essentiality of gallium for 
Aspergillus is quite definite, similar results having been obtained 
under a variety of conditions. Spectroscopically pure gallium as 
chloride in concentrations of 10 to 30 parts per billion aids both growth 
and sporulation. ^ Salts of none of the other 76 chemical elements 
tested were effective to this degree at comparable concentrations. Its 
action, in other words, appears to be specific. The use of quartz 
ware and of spectroscopically pure sources of nitrogen, potassium, 
phosphorus, magnesium, and sulphur does not appear an essential 
prerequisite for positive results. Nevertheless, the use of pyrex glass 
vessels and reagent chemicals, even if spectroscopically pure trace 
elements and calcium oxide and extracted sucrose were employed, 
gave appreciably poorer results on gallium. The extent of the loss 
in yield accompanying the omission of gallium from the nutrient 
solution surpassed that obtained through the omission of copper, 
however. 

The evidence obtained, therefore, in favor of the view that gallium 
is an essential element for Aspergillus is positive as respects specificity 
and favorable influence on growth and reproduction under a wide 
range of conditions. The purity of the gallium salts employed in 
these tests, together with the very low concentrations employed would 
also tend to substantiate this interpretation.^ That is, every known 
test for biological essentiality has given positive results. 

The extension of these results to another organism would also be 
particularly desirable. Certain outstanding facts may serve as a 
guide in proving the necessity of gallium to other organisms. Gallium^ 
is quite similar in chemical properties to aluminum and has frequently 
been reported as aluminum in quantitative determinations. It is 
widel;^^ distributed in nature in small quantities. Its absence as an 
impurity in aluminum salts is by no means certain, nor is its non- 
responsibility for the frequently reported biologically beneficial action 

3 Steinberg, R. A, See footnote 2. 

■ 102953—38— ~2' • ' ' 
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of aluininum.^ Some of the effects of the latter can be attributed to 
acidity alone, however. The reported toxicity of thallium, a chemical 
homologue of gallium, to tobacco by McMurtrey,® in association with 
the close duplication of the symptoms of frenching, would appear to 
indicate the possibility that thallium prevented the utilization of 
gallium by the plant. Moreover, the conditions under which this 
disease of the tobacco plant occurs are quite consistent with the 
behavior of gallium salts. A similar relation between the effects of 
sulphur and selenium on green plants has been reported by Hurd- 
Karrer.^ The beneficial action of thallium on yeast reported by 
Richards ^ may also have been due to the partial substitution of 
thallium for the gallium needs of yeast, a well-known type of deficiency 
phenomenon among the fungi. 

SUMMARY 

Aspergillus niger was grown in quartz Erlenmeyer flasks at 35^ C. 
for 4 days in nutrient solutions composed of sucrose extracted with 
alcohol; water distilled successively in an Acree metal still, a pyrex 
glass still, and a quartz still; and spectroscopically pure salts. The 
element gallium was identified as essential to the growth and develop- 
ment of this organism at concentrations of 0.01 to 0.02 mg per liter. 
Yields as low as 38 percent of maximum were obtained on its omission 
from the cultures. Gallium was necessary, apparently, in addition 
to iron, zinc, copper, manganese, and molybdenum. 

* Hiilebeand, W. P., and Lundell, G. E. F. applied inorganic analysis; with special reference 
TO THE ANALYSIS OF METALS, MINERALS AND ROCKS, 929 pp., illus. New York and London. 1929. 

8 Spencer, Ernest L. frenching of tobacco and thallium toxicity. Amer. Jour. Bot. 24: 16-24 
illus. 1937. 

6 McMurtrey, J. E., Jr. effect of thallium on growth of tobacco plants. Science 76: 86. 1932. 

7 Hurd-Karrer, Annie M. inhibition of selenium injury to wheat plants by sulfur. Science 
78: 560. 1933. 

8 Richards, Oscar W. the stimulation of yeast growth by thallium, a “bios” impurity of as- 
paragine. Jour. Biol. Chem. 96: 405-418, illus. 1932. 


TIME INTERVAL BETWEEN CLUTCHES IN RHODE 
ISLAND RED PULLETS' 

By F. A. Hays 

Research professor j Department of Poultry Husbandry, Massachusetts xigri cultural 

Experiment Station 

INTRODUCTION 

This paper supplements one ])ublished in 1936 ^ on the same group of 
birds. In the first report consideration was given to the mean time 
interval between eggs within the clutch for the winter season and for 
the first laying year. This paper presents the results of a study of the 
mean time interval between clutches in relation to time between eggs 
of the clutch, clutch size, winter production, hatching-season egg 
weight, hatchability, persistency, and annual production. 

In the previous paper the term ^^clutch” was used to include eggs 
laid on successive days, and the range in clutch size was found to vary 
widely in the population studied. In the work here reported a study 
was made of the interval between clutches throughout the first laying 
year. Clutches that make up any particular cycle of eggs are separated 
by less than 48 hours, but the interval between the last egg of a cycle 
and the first egg of the next cycle may be greater than 48 hours. No 
specific evidence is available concerning the causes of intervals of 2 to 
7 days between litters in winter or of intervals of less than 30 days in 
spring and summer. Necessarily a rather liberal use of interval be- 
tween clutches must be proposed. 

CHANGES IN TIME INTERVAL BETWEEN CLUTCHES DURING THE 
PULLET LAYING YEAR 

In calculating the time interval between clutches the cessation of 
laying in the birds that exhibit winter pause creates a difficulty. Since 
evidence had been obtained ^ that in the stock used pauses of shorter 
duration than 8 days are not inherited but pauses of 8 or more days 
are likely to depend on inheritance, it was considered advisable to omit 
all winter pauses of 8 days or more from November 1 to March 1. 
After March 1, pauses of 30 days or more probably mark the termina- 
tion of the biological year and these have been omitted. All broody 
pauses are also omitted. The data as presented on mean monthly time 
interval between clutches are an approximation of normal egg laying 
in birds free from winter pause and in birds not undergoing annual molt 
within the first la3dng year. 

1 Received for publication February 26, 1938; issued November 1938. Contribution No. 307 of the Massa- 
chusetts Agricultural Experiment Station. 

2 Hays, F. A. time interval between eggs ot Rhode island red pullets. Jour. Agr. Research 52: 
633-638, illus. 1936. 

3HAYS, F. A. WINTER PAUSE in RHODE ISLAND REDS. Mass. Agr. Expt. Sta. Bull. 329, 11 pp„ iHus. 1936. 
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Figure 1 indicates that pullets that are getting well started on their 
laying year in October are likely to lay with an interval of about 66 
hours between clutches. In November and again in December there 
was a rapid dechne in the interval between clutches. During De- 
cember the shortest interval between clutches occurred. From the 
short interval of about 48 hours during December there was a gradual 
lengthening of the interval up to May. During May the interval took 
a very abrupt increase to about 64 hours. During June the interval 
showed another abrupt increase over May to about 96 hours. During 
July there was a slight decline to an interval of about 94 hours. In 
August the interval between clutches declined to 89 hours, and in 
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Figuee 1. — Relation between monthly egg production and monthly interval be- 
tween clutches, based on the records of 119 birds, pauses of over 8 days from 
November 1 to March 1 and all broody periods omitted. 


September, which represents the last month of the first laying year, 
the interval was 87 hours. 

These data show in general that when winter pause was excluded 
the birds were likely to lay with an interval of about 2 days between 
clutches during December, January, February, and March. The 
spring and summer seasons appeared to be characterized by intervals 
of 3 or 4 days between clutches. Heavy egg production and short 
intervals between clutches during the winter appeared to be charac- 
teristic features of production-bred flocks. In the previous report 
the shortest interval between eggs within the clutch occurred in April. 
In the data now being considered the shortest interval between 
clutches occurred in December. 
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KELATION BETWEEN MONTHLY INTERVAL BETWEEN CLUTCHES 
AND MONTHLY INTERVAL BETWEEN EGGS 

It is desirable to Imow the relationship of the time interval between 
eggs within the clutches. These data are recorded grapliically in 
figure 2, which presents the mean monthly interval between clutches 
and the mean monthly interval between eggs for the first laying year. 
These graphs show that short intervals between clutches were gener- 
ally associated with long intervals between eggs within the clutches. 
For example, in February when the interval between clutches was 
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Figure 2. — Relation between monthly interval between clutches and monthly 
interval between eggs based on the records of 119 birds. 

very short, the interval between eggs within the clutch reached the 
high level for the year. In summer when the interval between 
clutches increased to its greatest length, the interval between eggs 
remained at a relatively low level. In March, April, and May both 
time intervals were very short. This particular spring period offers 
optimum conditions for egg laying by both improved and unimproved 
flocks. During the winter and during the summer months when 
conditions are further from optimum for very intense production, 
birds seemed to compensate a short interval between clutches by a 
long interval between the eggs of a clutch or a long interval between 
clutches by a short interval between the eggs of a clutch. These 
data suggest that a true measure of intensity would involve both the 
interval between clutches and the interval between eggs within the 
clutches. 
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INTERVAL BETWEEN CLUTCHES IN WINTER AS RELATED TO SIZE 
OP WINTER CLUTCH 

Data are available ou 409 birds including those with winter pause 
and those without winter pause. After considerable study it was 
decided to calculate the time interval between remaining clutches 
after eliminating all pauses of 8 days or more between November 1 
and March 1. By this method the population of 409 individuals did 
not approach a normal frequency distribution. In figure 3 the popula- 
tion is divided into nonpause and pause groups on the _8-day basis. 
There were 142 nonpause birds and 267 pause birds. Figure 3 indi- 



7/ ME BETWEEN CLUTCHES (HOURS) 

Figure 3. — Frequency distribution of time between clutches during winter (to 
March 1, 1927) for 142 nonpause birds and 267 pause birds. All pauses of 8 
or more days between November 1 and March 1 are omitted in calculating 
time between clutches. 

cates that nonpause birds required less time between clutches in the 
winter season than pause birds. There appeared to be two distribu- 
tions with considerable overlapping, but neither distribution was 
suABciently close to normal to be treated as such. Birds with winter 
pause were more likely to exhibit a greater time interval between 
clutches when they were actively laying than were nonpause birds. 
The variability in time interval between clutches was extremely high 
as compared with the variability in time interval between eggs of a 
clutch, as noted in the previous report. 

Table 1 indicates a downward trend in clutch size with an increasing 
time interval between clutches in the winter season. This decline 
was regular and consistent until the time interval between clutches 
approached 65.5 hours. This particular group of 11 birds showed an 
unusually large mean clutch size because of three individual's that had 
a winter clutch size of from 5.5 to 6.5 eggs. These data therefore 
appear to justify the deduction that mean time intervals greater 
than 54 or 55 hours between clutches were likely to be associated 
with small clutch size or low intensity. 

INTERVAL BETWEEN CLUTCHES IN WINTER AS RELATED TO 
WINTER EGG PRODUCTION 

Mean egg production from first egg to March 1 showed generally 
a very consistent decline as the interval between clutches increased. 
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The group of 11 birds in the 65.5-hour class was an exception because 
of the very high winter egg record of three individuals. These data 
suggest that short intervals between clutches arc essential to heavy 
winter laying. 


Table 1. — Time between clutches as related to winter clutch size and winter produc- 
tion in S94 birds 


Time between 
clutches in winter 
(hours) 

Birds 

Egg 
clutch, 
size in 
winter 

Winter 
egg pro- 
duction 

Time between 
clutches in winter 
(hours) 

Birds 

cfuffh 
size in 
winter 

Winter 
egg pro- 
duction 

41 5 

Number 

19 

Number 
3. 56 
2. 96 

Number 
69. 71 

65.5 _1 

Number 

11 

Number 

2.90 

Number 
59. 14 

44.5 

75 

66. 70 

68.5 

5 

1.65 

37. 50 

47.5 

99 

03 

2.74 

64. 79 

7X.5 


6. 95 

70. 50 

50.5 

2. 83 
2. 68 

64. 87 

74.5 

I 

1.45 

15. 50 

53.5 

53 

59. 08 

77.5 

1 

1. 45 

15. 50 

.50 .5 . .. _ _ ^ _ 

32 

2. 54 

55. 19 

80.5. 

1 

2.45 

85. 50 

59.5 

17 

2. 39 

55. 50 

83.5 

0 

2 

02.5 

13 

2. 30 

47. 04 

86.5 

2. 45 

25. 50 






INTERVAL BETWEEN CLUTCHES IN WINTER AS RELATED TO 
HATCHING-SEASON EGG WEIGHT AND HATCHABILITY 

There were 47 individuals that were used for breeding in the spring 
of 1927. Their eggs were weighed during the last week of February 
and the first week of March to secure an approximation of the egg 
weight of each bird during the hatching season extending from Feb- 
ruary 22 to April 22. 


Table 2. — Time interval between clutches as related to egg weight during hatching 
season and to hatchability of eggs from birds used for breeding 


Time between 
clutches in 
winter (horn’s) ‘ 

Birds 

Egg w^eight 
during 
hatching 
season 

Hatchahil- 
ity of eggs 

Time between 
clutches in 
winter (hours) 

Birds 

Egg weight 
during ^ 
hatching 
season | 

Hatchabil- 
ity of eggs 

41 .5 

Number 

5 

15 

8 

S 

7 

Grams 

55.5 
54.8 

53.5 
52.0 
53.4 

Percent 

59.5 

61.9 

40.9 
47.3 

56.9 

56.5. 

Number 

2 

0 

0 

2 

Grams 
55.5 , 

Percent 

35. 5 

44 5 

59.6 

47 .5 

62.5 



50 5 ... 

65.5 

^ 53.5 

" 

27-8 

53.5 




The data in table 2 show little relationship'ibetween the time mterval 
between clutches up to March 1 and egg weight taken about March 1. 
There was, howeyer, a possible suggestion of a slight decline in egg 
weight associated with an increased time interval between clutches. 

The relation of time between clutches up to March 1 and the per- 
centage of eggs that hatched is shown in table 2. The highest hatch- 
ability occurred in the group of 15 birds with a mean time interval 
of 44.5 hours between clutches. The group with the shorter interval 
of 41.5 hours also ranked high in hatchabihty. As the interval length- 
ened there was a tendency for hatchability to decline. Mthough the 
data are limited, there is some evidence to indicate that birds produc- 
ing clutches of eggs at frequent intervals are likely to produce eggs 
of high hatchability. 
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INTERVAL BETWEEN CLUTCHES IN WINTER AS RELATED TO 
PERSISTENCY AND ANNUAL PRODUCTION 

Persistency records covering the 365-day laying year are avadabie 
on 245 birds. The data in table 3 indicate no relationship between 
the time interval between clutches and the duration of the laying 
year previous to the annual molt. The two groups of birds with a 
mean interval between clutches ranging from 64 to 70 hours exhibited 
unusually high persistency but were represented by only nine indi- 
%dduals and can be considered of no particular significance. 

Table 3. — Time hetioeen clutches as related to annual persistency and annual egg 

production of 2^5 birds 


Time between 
clutches during 
winter (hours) 

Birds 

Annual ’ 
persistency 

Annual egg 
production 

Time between 
clutches during 
winter (hours) 

Birds 

Annual 

persistency 

Annual egg 
production 

41.5 

Number 

13 

59 

62 

43 

32 

Days 

332.5 

322.1 

322.5 

331.1 
332.8 

Number 

230.7 

215.0 
206.6 
200.6 

197.0 

m5 

Number 

13 

9 

5 

5 

4 

Days 

331.3 

342.3 

308.0 

356.0 

355.3 

Number 
193. 0 
176.7 

162.5 

216. 5 

209. 5 

44.5 ^ 

59.5 

47.5 ; 

62.5 

50.5 - 

65.5 

53.5 

68.5 




Annual egg production showed a definite downward trend as the 
time interval between clutches increased. The small group of nine 
birds at the bottom of the table made reasonably good annual egg 
records because of their very high persistency. The data in table 3 
further confirm the common observation that for maximum annual 
records a maximum of time spent in productive laying during the 
winter season is essential. 

SUMMARY 

The mean time interval between clutches was calculated on 142 
nonpause birds and on 267 pause birds up to March 1. Monthly 
time intervals between clutches were determined on 119 of these 
birds that were housed together. The relation of time interval be- 
tween clutches to a number of fecundity and reproductive characters 
was studied. The significant relationships observed were as follows: 

(1) Monthly interval between clutches attained its lowest level in 
December and remained at a low level from December through April. 
In May, June, and July the interval increased very rapidly and 
reached the highest level of the year in June. 

(2) Although the mean time interval between clutches was short 
in winter after pauses had been eliminated, the level of egg produc- 
tion in January and February was about the same as from June to 
the end of the year because of winter pause. 

(3) Birds with winter pause showed a greater mean time interval 
between clutches than nonpause birds when both were actually laying. 
^ (4) Short intervals between clutches were associated with long 
intervals between eggs within the clutches, and vice versa. 

(5) Small clutch size in winter was significantly associated with 
long time in tepals between clutches. 

(6) Short time intervals between clutches were associated with 
high winter production. 
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(7) There was no significant relationship between time interval 
between clutches and hatching-season egg weight. 

(8) There was some evidence that short intervals between clutches 
in winter were associated with high hatchability. 

(9) The time interval between clutches in winter showed no asso- 
ciation with persistency at the close of the laying year. 

(10) Short time intervals between clutches occurred in the high 
producers. 

(11) In a breeding program short time intervals betw^een clutches 
in winter should be placed along with short time intervals betw'een 
eggs of a clutch as a desirable character. 



RELATION BETWEEN FIBER LENGTH AND MATURITY 

IN COTTON ^ 


By E. S. Hawkins 

Agronomist, Arizona Agricultural Expeinment Station 

INTRODUCTION 

Plant breeders throughout the Cotton Belt are striving to increase 
both the length and the uniformity in length of cotton fibers. They 
are also interested in fiber improvement from the standpoint of matur- 
ity or wall thickness. This latter quality is less easily discernible to 
the naked eye than are length determinations, and if it could be safely 
assumed that a significant correlation exists between length anti 
maturity, cotton-fiber improvement work would be materially simpli- 
fied. The data included in this paper relate to such a correlation. 

MATERIAL AND METHODS 

Thirty-one samples of seed cotton were collected from as many 
locations in the upper Gila Valley in Arizona on October 5, 1937. 
This area is strictly a one-variety community growing Acala cotton. 
Varying availability of irrigation supplies caused wide differences in 
plant types, ranging from dwarfed, water-stressed plants to over- 
vegetative plants. The two extremes are illustrated in figure 1. 
One lock from each of 50 representative bolls constituted a field 
sample. The middle seed of each of 10 locks was placed in a Pressley 
sorter and the percentages of fibers of various lengths were deter- 
mined in the usual way. Duplicate samples were sorted in each case, 
making a total of 20 seeds from each field sample. In the interest of 
economy of time, the length classes were grouped as indicated in 
table 1 . Such grouping probably resulted in automatically smoothing 
the curves in figure 2 and in mafing the data less variable than would 
have been the case if more length classes had been used. 

Fiber maturity in each length class was obtained by the Shirley 
Institute method ^ in which the mature, intermediate, and immature 
fibers are counted under the microscope after treatment with an 18- 
percent aqueous solution of sodium hydroxide. Four samples of 100 
fibers^ each were counted from each length class and also from the 
combings from each sample. 

To convert the data concerning fiber maturity into a single factor, 

the formula M/= . ^as used. MI represents the maturity 

index, m the number of mature fibers in the sample, t the number of 
fibers intermediate in maturity, i the immature fibers, and W the total 

1 Received for publication February 16, 1938; issued November 1938. 

3 Peesslet, E. H. a new type of cotton soeter. Jour. Amer. Soc. Agron. 25: 89-98, illus. 1933. 

3 Clegg, G. G. immaturity of cotton. Empire Cotton Growing Corp. Conf. on Cotton Growing 
Problems, Kept, aiid Summary Proc. August 1930; 13-17. 1930. 
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4 Hawkins, R. S., and Sbkviss, George H, development op fibers in the pim a and acala varieties. 
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fibers average midway between the mature andjmmature fibers' in 
wall thickness. The thickening of fiber walls is a biological process 
effected by hereditary and environmental influences. The maturity 
index as used in this paper is a measure of these influences on the 
average thickness of the fiber walls in a given sample. 


number of fibers in the sample. The formula is based upon data re- 
ported by Hawkins and Serviss * in which it was determined that the 
walls of mature Acala and Pima fibers are approximately 10 times as 
thick as those of immature fibers. Since all gradations in fiber-wall 
thickness exist in the intei'mediate fibers, it is assumed that these 


FiauRB 1.- — A, Tj’pical field of water-stressed cotton plants; B, large, overirrigated 

vegetative plants. 
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EXPERIMENTAL RESULTS 

The maturity indices for the fiber by length classes of the 31 samples 
of cottoip together with the percentages of fibers included in each 
length class, are given in table 1. A small proportion of the fibers 
becomes detached from the seed during the combing process prior to 
placement in the sorter. The length of fiber distribution made from 
combings indicates that usually the fiber lengths that make up the 
combings are approximately in the same proportion as in the sample 
proper. However, the combings contain more immature fibers than 
any of the length classes as shown by the data in table 1. This is not 
surprising, since immature fibers are weaker and more easily detached 
or broken than mature ones. 

Table 1. — Maturity indices and 'percentages of cotton fibers in relation to length 

classes 


Field sample 
No. 

(1) 

Combings ^ 

Four-eighths 

and 

five-eighths 

inch 

Six-eighths 

and 

seven-eighths 

inch 

Eight-eighths 

and 

nine-eighths 

inches 

Ten-eighths 

inches 

Weight- 

ed 

average 

matu- 

rity 

index 

for 

sample 

(12) 

Matu- 

rity 

index 

(2) 

Per- 

cent 

(3) 

Matu- 

rity 

index 

(4) 

Per- 

cent 

(5) 

Matu- 

rity 

index 

(6) 

Per- 

cent 

(7) 

Matu- 

rity 

index 

(8) 

Per- 

cent 

(9) 

Matu- 

rity 

index 

(10) 

Per- 

cent 

(11) 

1 

0.277 

31.4 

0. 251 

21.3 

0.37.5 

19.0 

0. 383 

25.6 

0.403 

2.8 

0.321 

2 

.389 

10.7 

.545 

9.3 

.483 

25.7 

.584 

48.4 

.427 

5.8 

.524 

3 

.397 

5.8 

.462 

10.2 

.570 

30.6 

.611 

48.8 

.409 

4.7 

.562 

4 

.521 

10.0 

.510 

10.3 

.568 

22.4 

.581 

49.9 

.453 

7.4 

.553 

5 

.476 

10,6 

.507 

10.0 

.552 

21.8 

.654 

52.1 

.463 

5.5 

.588 

6 

.523 

10.0 

.583 

11.6 

.609 

21.8 

.631 1 

51.5 

.485 

5.2 

.603 

7 

.444 

7.5 

.561 

9.4 

.579 

20.0 

.536 

55.7 

.654 

7.4 

.549 

8 

.464 

15.5 

.468 

13.3 

.540 

24.4 

.529 

38.3 

.578 

8.4 

.517 

9 - 

.495 

6.4 i 

.594 

11.2 

.547 1 

19.6 

.617 

55.3 

.479 

7.5 

.583 

10 

.426 

7.6 

,578 

14,2 1 

.597 

34.3 

.602 

41.1 

.462 

2.8 

.580 

11 

.398 

5.5 

.570 

14.9 

.568 

33.3 

' .602 

42.0 

.479 

4.2 

.669 

12 

.538 , 

11.9 

.515 

14-8 

.691 

33.1 

.629 

37.7 

.375 

2.5 

.615 

13 

.464 I 

15.8 

.515 

16.4 

.611 

35.6 

.646 

30.9 

.365 

i 1.2 

.579 

14 ' 

.413 

10.2 

.543 

10.5 

.535 

16.6 

.393 

55.8 

.364 

7.0 

.433 

15_.. 1 

.523 

13.6 

.562 

15.2 

.637 

31.6 

.684 

37.8 

.549 

1.9 

.627 

16 

.424 

7.5 

.549 

12.3 

.578 

1 21.8 

.519 

50.5 

.502 

8.0 

.528 

17 

.426 

10.8 

1 .469 

8.6 

.536 

i 17,3 

.568 

54. 6 

.355 

8.6 

.520 

18 

.448 

13.0 

.632 

17.7 

.539 

30.8 

.523 

33.4 

.463 

5.0 

.534 

19_„ 

.522 

9.4 

.601 

12.7 

■ .636 

29.1 

,715 

44.1 

.702 

4.7 

.659 

20 

.526 

8.0 

.559 

9.6 

.634 

20.5 

.634 

54.1 

.481 

7.8 

.602 

21...„.. 

.500 

10.8 

.591 

10.1 

.600 

20.9 

.622 

53.0 

.543 

6.2 

.597 

22 

.543 

10. 9 

.583 

9.4 

.559 

21.0 

.646 

52.9 

.496 

6.7 

.601 

23 

.625” 

7.0 

.562 

10.7 

.646 

24,8 

.580 

52.9 

.430 

4,6 

.691 

24 

.393 

12.3 

.538 

12.5 

.559 

21.7 

.518 

46.6 

.450 

6.9 

.509 

25 

.450 

13.6 

.502 

^ 13.7 

-577 

24.7 

.567 

42.8 

.499 

6.2 

.541 

26 

i .474 

12.0 

.589 

13.5 

.666 

19.9 

.611 

48.6 

.526 

6.9 

. 697 

27 

. 664 

11.9 

,522 

9.2 

.661 

28,6 

.644 

42.3 

.607 

8.0 

.623 

28 

.547 

11.3 

.516 

11.6 

.599 

14.9 

.635 

49.9 

,629 

12.2 

.605 

29 

.522 

8.2 

.607 

11.0 

.578 

16.6 

,725 

55.8 

.542 

8.4 

.656 

30 

.349 

12.5 

.450 

15.5 

.515 

26.2 

.436 

38.9 

.433 

6.8 

.474 

31 

.481 

7,6 

.639 

13.3 

-667 

28.3 

.617 

43.7 

.623 

7.0 

.624 

Mean 

.472 

10. 95 

.538 

12. 39 

.581 

24.42 

.588 

46. 29 

.491 

5.95 

.563 


Mean difference of the differences between (4) and (6), 0.060; between (6) and (8), 0.007; between (8) 
and pO), "-0.094. and error of mean differences ±0.008 2 , ±0.011, and ±0.017 K 

1 Percentages are based on fibers four-eighths of an inch or longer, assuming that most of the shorter fibers 
go into waste. 

2 Highly significant differences, as calculated by Student’s t method, the chances being greater than 99 
to 1 that the differences are not due to chance. (See text for more detailed explanation.) 

The longest fibers, those of the ^%-inch class, were more immature 
than fibers of any other class, having a low average maturity index 
of G.491. However, this length class contained only 5.95 percent of 
the fibers, a materially Jo wer percentage than any other length class. 
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The best fibers from the standpoint of maturity were in the Ys- and %- 
inch class with a maturity index of 0.588, although there was no 
significant difference between this class and the % and %-mch class, 
which had a maturity index of 0.581. The former class contained 
almost half of the total fibers, 46 percent, and these two classes com- 
prised more than 70 percent of the total fibers. The shortest fibers 
considered, the %- and %-inch class, had a maturity index of 0.538, 
which was materially better than that of the longest fibers but inferior 
to that of the intermediate classes. 

Statistical analysis by means of Student’s t method, as described by 
Fisher,^ shows that the differences in maturity between the short, 
intermediate, and long length classes are highly significant, the chances 
being greater than 99 to 1 that these differences are not due to chance. 



Figxjee 2.— Relation between maturity and length of staple as calculated from 
table 1. (Method described by Love, Haery H. applications op statisti- 
cal methods to agricultural research. 501 pp., illus. Shanghai, 1936.) 


According to Student^s t method, when the quotient of the mean differ- 
ences divided by the error of the mean differences falls between 2.042 
and 2.750 (with 31 samples involved as in this particular problem), 
the data show significant differences. No significance is shown when 
the quotient is lower than 2.042, and when higher than 2.750 the 
differences are highly significant. Thus the mean of the differences 
between the maturity indices in columns 4 and 6 is (3.060 and when 
divided by the error of the mean difference, 0.008, gives a quotient 
which is very much greater than 2.750 and therefore is highly signifi- 
cant. Similarly, the differences between columns 6 and 8 are not 
significant, while those between columns 8 and 10 are highly signifi- 
cant. These significant differences strengthen the evidence that 
there is a significant second-degree curve relationship between matur- 
ity and fiber length as shown by the close fitting seen in figure 2. 


5 Pisheb, Ronald Aylmer, statistical methods for research workers. Ed. 3, rev. and enl., 
283 pp,, illHS. Edinburgh and London, 1930. 
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The curve respresenting the arithmetic average maturity of the 
different length classes and the regression curve from the same data 
are closely related. 

The wide variations in soil moisture, coupled with the resultant 
differences in plant types prevaihng in the fields from ydiich the cot- 
ton samples were taken, add greatly to the conclusiveness of the 
results. These fields w^ere not under observation, except on the day 
of sampling; hence, available data do not permit correlation between 
seasonal environmental plant growth influences and fiber maturity. 

CONCLUSIONS 

The longest and also the shortest fibers, in a given lot of cotton, are 
less mature than the fibers of intermediate lengths. 

Fibers toward the top of the range in intermediate lengths are 
slightly better in maturity than those toward the bottom. Cotton 
breeders who select progenies with greater proportions of the longer 
intermediate fibers, unconsciously or otherwise, select toward im- 
provement in fiber maturity. 






A MOSAIC DISEASE OF TURNIP ' 


By C. M. Tompkins 

Assistant plant pathologist, California Agricultural Experiment Station - 

INTRODUCTION 

A mosaic disease of turnip {Brassica rapa L.) occurs on Long 
Island, N. Y. T^T'pical specimens of this disease were obtained for 
comparatiye greenhouse studies with virus diseases affecting certain 
cultivated crucifers in California (IS, 16, 17, 18)} 

It is the purpose of this paper to describe briefly the symptoms of 
this mosaic disease of turnip from New York, to present expeiimental 
evidence on transmission, host range, and properties of the virus, and 
to discuss its possible relationship to other crucifer viruses. 

REVIEW OF LITERATURE 

In reviewing the literature, it is apparent in some instances that 
the names, ^Turnip mosaic’^ and “rutabaga mosaic, have been used 
synonymously. It has seemed advisable, therefore, to include in this 
review all references pertaining to rutabaga mosaic, as well as to turnip 
mosaic, irrespective of the identity of the particular virus involved. 

In 1921, Gardner and Kendrick (4) described a mosaic disease of 
turnip that was found in Indiana. The causal virus was transmitted 
to healthy turnip seedlings by rubbing wounded plant parts with 
cotton soaked in extracted j uice from diseased plants. The incubation 
period ranged from 16 to 26 days. Unsuccessful attempts were made 
to infect red and white varieties of radish (Raphmms satims L.). 

What appears to have been the same disease on turnip, Chinese 
cabbage (Brassica peAsai Bailey), and mustard (B. japomca Coss) was 
also described by Schultz (12). By means of the leaf-mutilation, 
rubbing method of inoculation, healthy turnip, Chinese cabbage, ancl 
mustard seedlings were infected with extracted juice from the cor- 
responding diseased plants, in 20 to 30 days. Further, wdien the green 
peach &pliid (My zus (Sulzer)) was transferred to healthy 

turnip and mustard seedlings after having fed on diseased turnip, 
Chinese cabbage, and mustard plants, mosaic mottling developed in 
12 to 20 days. Evidence for seed transmission was negative, since 
mustard seed from mosaic plants yielded healthy seedlings. 

Gram (5) found a mosaic disease of turnip in eight localities in 
Denmark in 1921. Other plants susceptible to natural infection in- 
cluded swedes or rutabaga (Brassica campestris L. var. napo-brassica 
DC.), radish, and charlock (Sinapsis arvensis lj.). 

In a brief report by Thatcher (14), reference is made to inoculation 
experiments which showed that mustard, rutabaga, flat turnip, and 

1 Received for publication February 16, 19^; issued November 1938. 

- The writer is indebted to Dr. M. W. Gardner for advice and assistance and to Prof. B. A. Madson and 
W. W. Mackie for providing greenhouse space and facilities. Valuable assistance in the greenhouse work 
was rendered by employees of the Federal Works Progress Administration. 

^ Italic numbers in parentheses refer to Literature C'ited, p. 601. 
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Chinese cabbage are very susceptible to mosaic. Kape was con- 
sidered to be less susceptible. The identity of this crucifer virus was 
not disclosed. 

Apparently the preceding citation by Thatcher served merely as a 
preliminary announcement of a more detailed report on studies of a 
mosaic disease of crucifers conducted by Clayton {2). A mosaic 
disease of rutabaga was found to be common but not serious on Long- 
Island, N. Y. It was also observed on Brussels sprouts (Brassica 
oleracea L. var. gemmifera DC.), cauliflower {B. oleracea L. var. 
botrytis L.), and black mustard^ (B, nigra Koch), but not on white 
turnip. Infection experiments involved the use of the leaf mutila- 
tion, rubbing method of inoculation and of the cabbage aphid (Breti- 
coryne brassicae (L.)) and the green peach aphid. The cabbage 
aphid proved very effective as a vector, but the green peach aphid 
gave negative results. An incubation period of 3 to 5 weeks was 
reported. Symptoms of the disease were favored by relatively high 
temperatures (70° to 80° F.), while lower temperatures (55° to 65°) 
induced masking. White mustard (J5. alba Rabenh.), black mustard, 
Chinese cabbage, turnip, rutabaga, and rape (B. naims L.) were 
susceptible to artificial infection. Brussels sprouts and cauliflower 
were difficult to infect. Although cabbage {B, oleracea L. var. 
capitata L.) was considered to be highly resistant or immune to the 
disease, the suggestion was advanced that it might act as a carrier. 
No evidence of seed transmission was obtainecL Apparently Clayton 
did not recognize any diffei-ences between the rutabaga mosaic 
virus with which he worked and the turnip mosaic virus reported 
elsewhere (4, 5, 12). 

A mosaic disease of Chinese cabbage, turnip, and mustard occa- 
sionally caused 30 percent loss near Fukuoka, Japan, according to 
Taldmoto (IS). The virus was transmitted by mechanical inocula- 
tion to cauliflower but not to cabbage or radish. Aphids (species 
not given) were held responsible for natural transmission of the disease. 
Takimoto considered the disease to be similar to those described by 
Gardner and Kendrick (J), Schultz (12), and Clayton (2). 

Samuel (11) reported on turnip mosaic in Australia in 1931. A 
mosaic disease of turnip and rutabaga was reported from Florida b}" 
Weber (19) in 1932 and from Japan by Hino (6) in 1933. 

Edson, Miller, and Wood ^ recorded the occurrence of rutabaga 
mosaic in Connecticut and turnip mosaic in Mississippi in 1934. 

A virus disease of cabbage, mustard, turnip, and horseradish 
(Radicula armoracia Robins) was described by Hoggan and Johnson 
(7) in 1935. The virus was transmitted by mechanical inoculation 
and by the cabbage and green peach aphids to cabbage, black mustard, 
turnip, tobacco (Nicotiana tabacum L.) var. Connecticut Havana 
No. 38, N. glutinosa L., the hybrid N. tabacwrn N. glntinosa, currant 
tomato (Lycopersicum pimpinellyfolium Dunal), and spinach {Spin- 
acia oleracea L.) var. Bloomsdale. The temperature range favorable 
to infection was 70° to 80° F. Properties of the virus were given: 
Thermal death point, 54° C. for a 10-minute exposure; longevity in 
vitro, less than 3 days at 20°~22°; tolerance to dilution, 1 to 1,000. 


‘ Edson, H. A., XIiller, Paul R., and Wood, Jessie I. diseases of plants in the united states 
IN 1931. U. S. Bur. Plant Indus., Plant Disease Reptr. Sup. 90: 75. 1935. 
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Losses caused by turnip mosaic in Germany, according to Pape (S), 
may vary from 1 to 90 percent. Some varieties of turnip were found 
to be much more susceptible to infection than others. He reported 
transmission of the virus to healthy turnip plants by mechanical 
inoculation and by means of the tarnished plant bug {Lygus pratensis 
(L.)). 

Chamberlain (i) recognized turnip mosaic on rape plants at Pal- 
merston North, New Zealand, in 1932 and subsequently on rutabagas, 
rape, and turnips in the same and other districts. He obtained 
mechanical transmission of the disease by the rubbing method and by 
means of the cabbage and green peach aphids which commonly occur 
on cruciferous crops in New Zealand, but failed to give the time re- 
quired in either case for symptom expression. Tests for seed trans- 
mission involved planting seeds derived from mosaic-infected rutabaga 
plants. Of 432 seedlings, none showed symptoms of mosaic. In 
host-range studies, no infection, by means of artificial inoculation, was 
secured on cabbage, cauliflower, Brussels sprouts, broccoli (Brassica 
oleracea L. var. botryiis L.), and radish. However, all of these cruci- 
fers, except radish, were infected when the green peach aphid served 
as the vector. Brown necrotic lesions were obtained on tobacco 
(variety not specified). Annual stock (Matthiola incana E. Br. var. 
annua Voss) is a natural host for the turnip mosaic virus which induces 
flower breaking as well as leaf mottling.’^ Other natural hosts include 
wallflower (Cheiranthus cheiri L.) and a number of common cruciferous 
weeds. In tests for varietal resistance, one variety of turnip proved 
highly resistant and several others less so. ^ Recommendations for 
control of the disease in seed crops were dipping the leaves of plants 
at transplanting time in a nicotine solution in order to kill the insect 
vectors, rogueing of all infected plants, avoidance of other cruciferous 
crops and volunteer seedlings, and, when mosaic appears, spraying 
the plants with nicotine solution. 

Edson and Wood® listed turnip mosaic as prevalent in Connecticut 
in 1935. 

In 1936, Kaufmann (8) described a virus disease of winter-sown 
rape {Brassica rapa L. var. oleifera Delile), rutabaga, and colza (B. 
napus L. var. oleifera Delile). Infection of healthy rape, rutabaga, 
and colza plants resulted from juice inoculations and when the tar- 
nished plant bug was used, both in the greenhouse and in the field. 
Significant losses were observed only on rutabaga. The identity of 
this virus was apparently not clearly established. 

SYMPTOMS OF THE DISEASE 

Studies of the symptoms caused by the turnip mosaic virus from 
New York have been limited to greenhouse observations. Initial 
symptoms of the disease on leaves of Purple Top White Globe turnip 
seedlings consist of a conspicuous, coarse, systemic clearing of the 
veins, with interveinal mottling, which collectively impart a yellowish 
caste. The leaves show mar&d crinkling and slight dwarfing (fig. 

5 Letter dated July 2, 1937, from E. E. Chamberlain, Plant Diseases Division, Plant Kesearch Bureau, 

Palmerston North, New Zealand. _ 

6 Edson, H. a., and Wood, Jessie I. diseases of plants in the united states in 1935. U. S. Bur. 
Plant Indus., Plant Disease Eeptr. Sup. 96: 200. 1936. 
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Figure 1 . — Symptoms produced by the turnip mosaic virus on Purple Top White 
Globe turnip leaves after artificial inoculation in the greenhouse at C.: 

/I, Early symptoms consist of coarse, yellow vein clearing and mottling; 
intermediate symptoms consisting of dark-green tissue with numerous raised 
islands of irregular shape and a small amount of chlorotic tissue; C, late symp- 
toms in which the leaf has become very chlorotic with only a few dark-green, 
raised islands; D, noninoculated control. 
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1, xl),, when contrasted with normal, healthy specimens. Stunting of 
the plants is also apparent in the early stages of infection. Gradual^, 
as the leaves expand, the coarse, yellow appearance is replaced by a 
preponderance of very dark-green, irregular, raised islands, inter- 
spersed with a restricted amount of clilorotic tissue (fig. I, B). In 
later stages of infection, the dark-green islands are almost entirely 
replaced by chlorotic,^ light-green areas (fig. 1,0). Crinkling of the 
leaves is accentuated in the latter two stages of infection (fig. 1, B, 0) 
in contrast to the normal, healthy leaf (fig. 1, D). Occasionally in 
some infected plants the leaves were unsymmeterical. Although the 
tiirnip mosaic virus causes severe stunting of turnip plants, no lethal 
effect has been observed on this or any other susceptible host. 

MATERIALS AND METHODS 

111 1934, 12 white turnip stecklings showdng pronounced symptoms 
of mosaic infection w^ere collected in a commercial planting near Mat- 
tituck, Long Island, N. Y., and forwarded to Berkeley, Calif. Within 
several weeks after transplanting, these stecklings produced new 
leaves, all of which were mottled. Transfers w^ere then made to 
healthy Purple Top White Globe turnip seedlings by mechanical 
inoculation. The virulence of, and the symptoms produced by, this 
virus have remained unchanged through successive monthly transfers 
since 1934. Purple Top White Globe turnip seedlings were used as 
the standard test plant for recovery of the virus from infected plants 
and for property studies. 

All inoculations were made in a greenhouse wdiere temperatures 
ranged from 13° to 19° C. The methods follow^ed were essentially 
those described in recent papers (16, 18), Mechanical inoculations 
wrere made by dusting the leaves with 600-mesh, powulered carborun- 
dum (10) and lightly rubbing wdth absorbent cotton dipped in juice 
from a diseased plant. 

EXPERIMENTAL RESULTS 

TRANSMISSION 

The turnip mosaic virus can be transferred to healthy turnip 
seedlings by mechanical inoculation with or without carborundum 
(10), but the percentage of infection is reduced approximately 50 per- 
cent when this abrasive is omitted. As a result of numerous tests, 
the incubation period was determined as ranging from 13 to 21 days. 

Glayton (^) used both the cabbage aphid and the green peach aphid 
in his insect transmission studies with the rutabaga mosaic virus, 
finding that the latter was much less eflScient. Since Essig (3) foimd 
that the cabbage and green peach aphids breed naturally on culti- 
vated and wild crucifers in California and other Western States and 
because the New York turnip mosaic virus may eventuall}^ be found 
in California, it seemed desirable to test the two aphid species under 
greenhouse conditions. 

Following the procedure outlined in a recent paper (IS), noninfec- 
tive cabbage and green peach aphids^ were fed on recently infected 

" Noninfective cabbage and green peacb aphids, previously identified as such by E. 0. Essig, were kindly 
supplied by H. H. P. Severin and J . H. Freitag, Division of Entomology and Parasitology, University of 
California. 
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turnip plants for 24 to 48 hours, after which they were transferred in 
lots of approximately 20 aphids each to healthy turnip seedings. 
After 24 hours, all plants were sprayed with nicotine sulphate solu- 
tion. Healthy turnip seedlings infested with noninfective aphids 
and noninoculated plants free from aphids served as controls. 

Of 20 turnip plants infested with viruliferous cabbage aphids, 16 
showed typical symptoms of the disease in 15 to 17 days, while 4 
plants damped off. When infective green peach aphids were placed 
on 20 turnip plants, 100-percent infection occurred, the incubation 
period ranging from 12 to 18 days. The virus was recovered from 
all infected plants by mechanical inoculation. None of the controls 
became diseased. Other possible means of transmission were not 
investigated. 

EXPEEIMENTAL HOST RANGE 

Young seedlings of various turnip and rutabaga varieties were tested 
by mechanical inoculation, with a suitable number of plants for con- 
trols. The following varieties of turnip proved to be highly suscep- 
tible: Amber or Yellow Globe, Bortfelder, Cowhorn, Early Pmple 
Top Milan, Early White Flat Dutch, Extra Early White Milan, 
Large White Norfolk, Orange Jelly or Golden Ball, Purple Strap Leaf, 
Purple Top Strap Leaved Early, Purple Top Yellow Aberdeen, Seven 
Top, Shogoin or Japanese, SnowbaU, Southern Prize, White Egg, and 
White Milan. Of rutabaga varieties, the following varieties proved 
to be highly susceptible: American Purple Top, Hartleys Bronze 
Top, Large White, and Monarch or Tankard. _ The variety Long 
Island Improved was only slightly susceptible to infection. 

By means of mechanical inoculation, the turnip mosaic virus from 
New York was transmitted to 18 species of plants representing 12 
genera in 6 families, as follows: 

Cruciferae: 

Cabbage {Brassica oleracea L. var. capitaia L.). 

Cauliflower {B. oleracea var. hotrytis L.). 

Rutabaga (B, campestris L. var. napo-hrassica DC.). 

Turnip (B. rapa L.). 

Leaf or Chinese mustard (B. juncea Coss), 

Chinese cabbage (B. pe-tsai Bailey). 

Wild yellow mustard (B. campestris L.). 

B. adpressa Boiss. 

Shepherds-purse (Capsella hursa-pastoris Medic.). 

Annual stock {MaUMola incana R, Br. var. annua Voss). 

Dames violet (Hesperis matronalis L.). 

Virginian stock (Malcomia maritima R. Br.). 

Honesty (Lunaria annua LJ) , 

Chinese radish {Raphanus sativus L. var. longipinnatus Bailey). 
Chenopodiaceae: Lambsquarters or white pigweed (Chenopodium album L.) 
Resedaceae: Mignonette {Reseda odorata L.). 

Begoniaceae: Fibrous-rooted begonia {Begonia semper florens Link and Otto). 
Verbenaceae: Garden verbena /lybrida Voss). 

Bolanaceae: 

Turkish tobacco {Nicotiana tahacum L.). 

N. gluiinosa L. 

Petunia {Petunia hybrida Hort.), 

In the family Cruciferae, all susceptible plants showed systemic 
infection. These include Winter Golma cabbage (fig. 2) with numer- 
ous chlorotic lesions which later became necrotic around the edges; 
February, April, Danish Perfection, Dry weather Danish Giant, 
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Early March, .Early Snowball, and Super Snowball cauliflower with 
chlorotic to yellow* lesions; Long Island Improved rutabaga with 
clilorotic lesions; Flat Turnip and Florida Broadleaf varieties of leaf 
or Chinese mustard with leaf mottling and rugosity; pe-tsai with 
coarse yellow vein banding and leaf mstortion; Brassica adpressa, 
wild yellow mustard, and shepherds-purse with coarse mottling; 
Fiery Blood Red annual stock with coarse vein clearing, diffuse 
mottling, and occasional midrib distortion of leaves and flower 
breaking; dames violet with a fine type of mottling followed by small 



Figure 2. — Early symptoms, consisting of small, diffuse, chlorotic rings, on Win- 
ter Colma cabbage leaf 27 days after artificial inoculation with the turnip 
mosaic virus in the greenhouse at 13° to 19° C. 

necrotic lesions, raised dark-green islands, and marked bleaching; 
and Virginian stock, honesty, and Chinese radish with mottling. 

Infection of lambsquarters or white pigweed was indicated by local, 
yellow lesions on inoculated leaves only. Later, these became necro- 
tic, with some coalescence. Pronounced mottling of leaves charac- 
terized infection of mignonette, garden verbena, and petunia. Small 
chlorotic lesions appeared on leaves of infected fibrous-rooted begonia. 
Local chlorotic lesions which later became necrotic occurred only on 
inoculated leaves of Turldsh tobacco and Nicotiana glutinosa (fig. 3). 
The virus was recovered from all infected plants except from lambs- 
quarters, mignonette, and fibrous-rooted begonia. 
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No infection was obtained by meclianical inoculation in 53 species 
of plants representing 43 genera in 23 faniilies, as follows: 

Cruciferae: 

Kale {Brassica oleracea L. var. acephala DG.)- 
Brussels sprouts (B. oleracea var. gemmifera DC.). 

Sprouting broccoli {B. oleracea var. hotrytis L.). 

Kohlrabi {B. oleracea var. caulorapa DC.). 

Rape (B. napus L.). 

Black mustard (B. nig7'a Koch). 

White mustard (B, alba Rabenh.). 

Charlock (B. arvensis (L.) Ktze.). 

B. mtegrifolia 0. E. Schulz var. chevalieri R. Porteres. 

Wallflower (Chevranthus cheiri L.). ^ 

Evening scented stock (Matthiola hicoimU DC.). 



Figure 3. — Symptoms produced by the turnip mosaic virus by artificial inocula- 
tion in the greenhouse at 13° to 19° C.: Local chlorotic lesions on inoculated 

leaf of Nicotiana glutinosa which later became necrotic with tan centers: B, 
local necrotic lesions on leaf of N. tahaciim var. Turkish. 

Sweei sdjsmm {Alyssum maritimim^ hsim.) . 

Radish {Raphanus sativus L.) var. White Icicle and Crimson Giant Forcing. 
Gramineae: Corn (Zea mays L.) var. Golden Bantam. 

Polygonaceae: Bhuhsirh {Rheum rhaponttcu7n h.) . 

Chenopodiaceae: 

Sowbane or nettleleaf goosefoot (C/ienopadnm?. L.). 

Spinach (S^pmacea oleracea L.) var. Bloomsdale. 

Cary ophyllaceae : 

Sweet-williom {Dianthus barhatus Jj.) . 

Bobyshiesith (Gypsophila panicualta h.) , 

Ranuiieulaceae: Rocket larkspur (BeZp^imnm ajacfs L.}. 

Rosaceae: Gewn chiloense Balb. 

Leguminosae: 

Garden pea {Pisum sativum L.) var. Alderman. 

Broadbean (F?a’a/a&a L,). 
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Tropaeolaceae: Garden nasturtium (Tropaeolum majus L.). 

Euphorbiaceae: Castor-bean (Ricinus communis L.)* 

Violaceae: Pansy (Viola tricolor L.). 

Onagraceae: 

Clarkia elegans DougL 
Godetia grandifiora Lindl. 

Uinbelliferae: Celery (Apium graveolens L.) var. Golden Self Blanching. 
Plurnbaginaceae: Everlasting or sea-lavender (Statice latifolium Kuntze). 
Boraginaceae : 

Forget-me-not (Myosotis alpestris Schmidt). 

Common heliotrope (Heliotropiimi peruvianum L.). 

Labiatae: Flowering sage (Salvia f arinacea 'Beixtli.) . 

Solan aceae: 

Solanum aviculare Forst. 

Potato (S. tuberosum L.). 

Tomato (Lycopersicum esculenium Mill. var. vulgare Bailey) var. Earl}’- Santa 
Clara Canner. 

Currant tomato (L. pimpinelli folium Dunal). 

Nicotiana langsdorfii Weinm.. 

iY. rusiica L. var. humulis Schrank. 

Tobacco (N. tahacum L.) var. White Burley. 

Jimson’tveed (Datura stramonium L.). 

Scropliulariaceae : 

Snapdragon (Antirrhinum majus L.). 

Penstemon or beardtongue (Penstemon barhatus Nutt.). 

Dipsaceae: Mourning bride or pincushion flower (Scabiosa air o purpurea.), 
Cucurbitaceae: Cucumber (Cucumis sativus L.). 

Campanulaceae: Canterbury-bells (Caynpanula medium L.). 

Lobeliaceae: Lobelia hijbrida Hort. 

Compositae; 

Head lettuce (Lactuca saliva L. var. capitaia Hort.) var. New York and Tom 
Thumb. 

Dandelion officinale Weber). 

Annual marguerite (Chrysanihemum coronarium L,). 

English daisy (Beilis perennis L.). 

African marigold (Tagetes erecta L.). 

French marigold (T. patula L.). 

Winter Cape-marigold (Dimorphotheca auraniiaca DC.). 

Gaillardia pulchella Foug. var. picta Gray. 

Cineraria (Senecio cruentus DC.). 

Subsequent inoculations to turnip witli extracted juice from inocu- 
lated plants of the above-mentioned plant species failed to cause 
infection. 

PROPERTIES OF THE VIRUS 

Determinations were made on longevity in vitro, inactivation 
temperature, and tolerance to dilution, and the results are given in 
table 1. 

Virus samples consisted of 2 cc of undiluted juice, from recently 
infected turnip plants, in small, thin-walled test tubes. In determin- 
ing resistance to aging in vitro, samples were stored at a constant 
temperature of 22° C. Resistance to heating was determined by 
heating virus samples in a thermostatically controlled water bath for 
10 minutes. Virus dilutions were made with distilled water. Imme- 
diately following a specific treatment, young Purple Top White Globe 
turnip plants were then tested for infectivity by mechanical inoc- 
ulation. 

The turnip mosaic virus was found to be infective for 48 hours after 
aging in vitro, but vwas inactivated after 72 hours. The virus was 
infectious after heating for 10 minutes at various temperatures not 
exceeding 60° C., but was inactivated at 63° C. A dilution tolerance 
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of 1:3,000 was established. In each of the three tests, 25 noninocu- 
lated turnip plants served as controls and they continued healthy 
throughout. 

Table 1. — Longevity in vitro, inactivation temperature, and tolerance to dilution of 

the turnip 7nosaic virus 

[Five trials on 25 plants in all cases] 


LONGEVITY IN VITRO, 22° C. 


Age (hours) 

Plants 

I infected 

Age (hours) 

1 Plants 
infected 

0 

Number 

25 

13 

2 

0 

98 

Number 

0 

0 

0 

0 

24 

120 

48 . 

144 

7? 

168 ■ - 




INACTIVATION TEMPERATURE (10 MINUTES) 


Temperature (°G.) 

Plants 

infected 

Temperature (°C.) 

Plants 

infected 

' 

50 

Number 

17 

10 

2 

0 

65 

lyiimher 

0 

0 

21 

55 

70__ 

60 - 

(1) 

63. 




TOLERANCE TO DILUTION 


Dilution 

Plants 

infected 

Dilution 

Plants 

infected 

0 

Number 

25 

20 

17 

7 

8 

1:2,000 - 

Number 

4 

4 

0 

0 

1:10 

1:3,000 - - 

1:100. - 

1:4,000 - 

1:500 

1:5,000.... - 

1:1,000 - 




^ Not treated. 


DESCRIPTION OF THE TURNIP MOSAIC VIRUS 
FROM NEW YORK 

Transmitted in greenhouse tests by means of the cabbage aphid {Brevicoryne 
brassicae) and the green peach aphid (Myzus persicae) . Transmissible by mechan- 
ical inoculation, using expressed juice with or without powdered carboi'undum. 
Incubation period 13 to 21 days when Purple Top White Globe turnips were used. 
Resistance to aging in vitro between 2 and 3 days. Inactivation temperature 
between 60° and 63° C. for 10-minute exposure. Tolerance to dilution approxi- 
mately 1 to 3,000. White turnip {Brassica rapa L.) and certain other vegetable 
and ornamental crucifers are susceptible. On turnip, early symptoms consist of 
diffuse mottling of the leaves; later, irregular-shaped, raised dark-green islands 
are scattered on a markedly chlorotic background. Slight distortion and rugosity 
of leaves in late stages of infection. Local necrotic lesions produced on Nicotiana 
glutinosa a>iid N. tabaciim. Chinese radish susceptible, but not ordinary radish. 

COMPARISON OF THE TURNIP MOSAIC VIRUS FROM NEW YORK 
WITH CERTAIN OTHER CRUCIFER VIRUSES 

In a recent paper (16^) the Tvriter briefly compared the symptoms 
produced on certain cultivated crucifers by the cauliflower mosaic 
and turnip mosaic (from New York) viruses. When sprouting 
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broccoli, cabbage, cauliflower, kohlrabi, radish, and turnip seedlings 
were inoculated with the cauliflower mosaic virus, early symptoms 
were manifested by vein clearing (16, fig. S, C; fig. 1, A) (fig. 4). The 
turnip mosaic virus, however, produced different symptoms on infected 
plants; Cabbage, chlorotic rings later becoming necrotic; cauliflower, 
pale-green to yellow lesions (16, fig. 5, A, B). As shown in this 
paper, a coarse leaf mottle characterizes infection of turnip. Sprout- 
ing broccoli, kohlrabi, and radish were not infected by the turnip 
mosaic virus. On annual stock, the cauliflower mosaic virus caused 
a coarse vein clearmg of the leaves (16, fig. 4, A, B, G) but not flower 
brealdng; the turnip mosaic virus induced not onty coarse vein clear- 



Figure 4. — Vein-clearing symptoms produced by the cauliflower mosaic virus 
on Purple Top White Globe turnip leaf by artificial inoculation in the green- 
house at 13° to 19° C, 


ing and diffuse mottling but also flower breaking. No infection was 
obtained with the cauliflower mosaic virus on Nicotiana glutinosa and 
Turkish tobacco (16), whereas the turnip mosaic virus caused necrotic 
lesions to form on inoculated leaves of hotli Nicotiana species. These 
viruses can also be further differentiated by comparing their properties. 

Recently, Tompkins and Thomas (18) have described a mosaic 
disease of Chinese cabbage in which it was shown that this virus can 
readily be differentiated from the turnip mosaic and cauliflower 
mosaic viruses on such hosts as cabbage, Chinese cabbage, cauliflower, 
and turnip. 

It is believed the evidence submitted in the present paper is suffi- 
cient to differentiate the turnip mosaic virus from other viruses 
recently described (16,17,18). 
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DISCUSSION 

A review of the literature oix turnip mosaic (1, 4, 5, 6, 7, 9, 11^ 12, 
13, 19) and rutabaga mosaic {2, 6, 8, 14, 19) indicates a lack of agree- 
ment on the part of the workers concerned, specific examples of which 
ma}^ be cited. Although it seems to be generally agreed that the 
principal symptom of the disease on turnip consists of leaf mottling, 
additionarsymptoms unlike in any two instances are given by several 
writers {1, I, 4? 5, 7, 9, 12). All but Gram (5) reported infection by 
mechanical means. Concerning insect transmission, Schultz (12) 
proved the green peach aphid was a vector; Pape (9) considered the 
tarnished plant bug was responsible for natural spread of the disease 
in Germany; while Hoggan and Johnson (7) and Chambeiiain (1) 
found that" both the green peach and cabbage aphids were efficient 
vectors. In studies on the rutabaga mosaic virus, Clayton (2) stated 
the green peach aphid gave unsatisfactory results, but transmission 
occurred by means of the cabbage aphid. Schultz (12), Clayton (2), 
and Chambeiiain (1) reported negative results in tests for seed trans- 
mission but no data %vere given by others. According to Gardner and 
Kendrick (4), the incubation period for artificial infection ranged from 
16 to 26 days while Clayton {2) records 3 to 5 weeks. Schultz {12) 
reported a period of 12 to 20 days for the green peach aphid. 

Relative to host range, Gardner and Kendrick (4) and Chamberlain 
(1) were unable to infect radish. ^ Unfortunately, other workers failed 
to test this plant for susceptibility. Conversely, Gram (5) observed 
infection of radish. Infection of rutabaga was reported only by Gram 
(S), Clayton (2), and Chamberlain (1); the description of symptoms 
differs in the latter two instances. There is no close agreement con- 
cerning symptoms on such hosts as Brussels sprouts and cauliflower 
based on the studies of Clayton (2) and Chamberlain (1). Clayton 
{2) found that cabbage w’-as practically immune, Hoggan and Johnson 
(7) observed clilorotic rings, and Chamberlain (7) noticed only a faint 
mottle on the leaves. The writer (16) has previously reported light- 
green to yellow lesions which become necrotic around the edges with 
age. Spinach and currant tomato were reported as hosts by Hoggan 
and Johnson (7), but the wTiter has failed to obtain confirmatory 
results. To date, data on the properties of a turnip mosaic virus have 
been published only by Hoggan and Johnson (7). They used to- 
bacco as a test host and since the writer used turnip a satisfactory 
comparison cannot be made. 

Inevitably these differences have led to such questions as: Was 
the same turnip mosaic virus, or the same rutabaga mosaic virus, 
under the consideration by the different workers; are the turnip 
mosaic and rutabaga mosaic viruses identical? It is believed satis- 
factory answers to these questions cannot be given on the basis of 
available information and that any definite conclusions would not be 
justified, 

SUMMARY 

A mosaic disease of turnip, prevalent on Long Island, N. Y., is 
described. 

Turnip mosaic is characterized by coarse vein clearing of the leaves 
inmarly stages of infection followed by conspicuous mottling with 
raised islands, crinkling, and stunting of the plants. 
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Under greeiiliouse conditions the turnip mosaic virus was readily 
transmitted by Myzns persieae and Bremcoryne brassicae. The virus 
was also transmitted by mechanical inoculation using carborundum 
as an abrasive; the incubation period ranged from 13 to 21 days. In 
longevity tests, the virus was active at the end of 2 days but inacti- 
vated after aging for 3 days at 22° C. Its inactivation temperature 
lies between 60° and 63°. A tolerance to dilution of 1 to 3,000 was 
established. 

The host range includes 18 species of plants representing 12 genera 
in 6 families; 11 species belong to the family Cruciferae and include 
cabbage, cauliflower, rutabaga, leaf or Chinese mustard, pe-tsai, 
annual stock, dames violet, Virginian stock, honesty, and Chinese 
radish. 
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ASSAYS OF RIBOFLAVIN AND THE FILTRATE FACTOR 
IN CERTAIN MILK PRODUCTS ' 


By T. H. Jukes, junior poultry hushandmanj and G. A. Richardson, assistant 
dairy chemist, California Agricultural Experiment Station - 

INTRODUCTION 

Two factors in the vitamin G group are known to be needed by 
chicks,^ The first of these is riboflavin (flavin, lactoflavin), which is 
of great importance for growth and hatchability, and the second is the 
“filtrate factor/’ which prevents a dermatitis caused by a dietary 
deficiency in chicks. Dried milk and dried whey supply both of these 
vitamins (4). Milk products are particularly important in poultry 
rations as sources of riboflavin, since many feeding stuffs, such as the 
cereal grains, are deficient in this substance. Heiman and Carver 
{!) have recently found that a sample of neutralized dried whey con- 
tained between 10 and 20 percent more vitamin G, and a sample of 
dried sweet-cream buttermilk contained between 90 and 100 percent 
more vitamin G, than a sample of dried skim milk. The samples 
were prepared from similar supplies of milk collected during 1 week. 

In the present investigation two series of spray-dried milk products 
were studied. Each series originated from a single batch of whole 
milk. Each product was biologically assayed for the filtrate factor 
and for riboflavin by means of chick growth. 

PREPARATION OF SPRAY-DRIED MILK PRODUCTS 

For the pmducts prepared in November 1935, a mixed composite 
of 7,419 pounds of milk was obtained from 23 patrons. Approxi- 
mately 1,600 pounds of this was Guernsey milk; the remainder was 
Jersey milk. The cows received pasture, rye hay, carrots, beets, and 
millfeed consisting largely of rolled barley, coconut meal, and beet 
pulp. The milk was standardized down to 4.5 percent of milk fat 
(Babcock) by the removal of cream. It was then subdivided into 
appropriate lots for the preparation of the respective products. 

For the products prepared in May 1936, a mixed composite of 
5,660 pounds of milk from 19 patrons was used. This milk was 
obtained from about the same territory as the November milk, 
although not necessarily from the same patrons. Pasture and some 
millfeed constituted the main ration of the cows. This milk was 
standardized down to 4.287 percent of fat (Mojonnier) (4.34 percent 
Babcock) by the removal of cream. It was then subdivided into lots. 

The buttermilk was obtained by churning the cream received the 
day previous in the same plant, although not necessarily from the 
same patrons who furnished the milk for the remainder of the products. 


1 Received for publication September 16, 1937; issued November 1938. 

2 The samples used in this work were obtained through the cooperation of Dr. Paul D. V. Manning and 
Mr, Henry Pollard of the Western Condensing Go., San Francisco. The Golden State Co., San Francisco, 
idaced their spray-drying plant at Ferndale, Calif., at the disposal of the writers for the preparation of the 
samples. The analyses of the products were made by Miss M. A. Ashenfelder, analyst. University of 
California, Davis, Calif. Washed casein was furnished by the California Milk Products Corporation, 
Gustine, Calif., through the courtesy of J. Chrisman. 

Italic numbers in parentheses I'efer to Literature Cited, p. 609. 
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All other products m each series were prepared from the one lot of 
milk. 

The whole milk, skim milk, and buttermilk were dried in the usual 
manner by the Gray-Jensen process. The various casein wheys were 
obtained by the customary technique. The hydrochloric acid whey 
was neutralized with soda ash; the sulphuric acid whey, with lime. 
The lactic acid whey was not neutralized. The rennet whey was the 
usual Cheddar-cheese whey. Table 1 shows the analyses of the 
various products. 

Table L — Chemical analyses of milk and dried-milk products 


Product 

Month pre- 
pared 

Fluid product 

Dried product 

Fat 1 

Total 

solids 

pH 

Fat 

Total 

solids 

Solids 
not fat 

Ash 

Whole milk. 

Skim, milk.... 

(November 

IMay. 

Percent 

4.5 

4. 287 

Percent 

13. 12 
10. 28 
9. 41 
9.80 
9. 43 
6. 65 
6. 27 
6.71 
! 6. 66 
6.92 
6. 54 
! 6. 62 
5.95 

6.41 

Percent 
30. 16 
32. 35 

Percent 

94. 14 
99.01 
98. 32 
97. 72 
98. 32 

98. 15 

97. 91 
97. 62 

97. 70 

98. 79 
> 96.42 
: 97.38 

91.92 
97.60 

Percent 
62. 94 
66, 66 

Percent 
4. 76 
4.81 

7.44 
9. 05 
7. 24 
6. 85 
6. 56 

6.45 
11. 56 
11. 77 
14. 62 
11. 50 

' 10. 98 

8. 99 

(May 

(November 

.071 

6. 44 

1.29 

96. 43 

Buttermilk. ... 

Rennet whey (Gheddar) ^ 

Hydrochloric acid casein 
whey (neutralized). 
Sulphuric acid casein whey 
(neutralized). 

Lactic acid casein whey 

VMay 

(November 

.465 

6. 36 

4. 84 

93. 31 

iMay 

(November 

j .092 

6. 10 

1.43 

97.19 

VMay 

(November .. 


6. 14 

.30 

98. 49 

‘IMay 

(November 


6.46 

.38 

97. 00 

IMay 


4. 73 

.35 

97. 25 


1 Fat was determined by the Alojonnier method, e.xcept for the fluid whole milh for November. 


BIOLOGICAL ASSAY FOR THE FILTRATE FACTOR 

METHOD 

The method used to determine the filtrate factor was the one em- 
ployed in previous investigations 6). Chicks were placed on an 
ordinary mixed diet at hatching and kept on the diet for 6 to 8 days. 
They were then placed on a heated diet of natural foodstuffs (B, 5) for 
8 to 10 days, after which they were weighed and divided into groups 
of 10. The test diets were then fed for 12 to 14 days, and the growth 
response was noted. Each series was controlled by a group on the 
basal heated diet 80G {2) and a group on the positive control diet, 
which consisted of the heated diet plus 10 percent of rice-bran filtrate 
(f). The filtrate factor content of a sample of dried whey, for example, 
was computed as follows: 

Filtrate factor content of whey sample in units per gram= 

Growth on diet siipplemented with whey minus growth on basal diet 
fGinwth on positive control dietjy Grams of whey in 1 
\minus growth on basal diet of test diet. 

If, for example, during the assay period the average growth was 
59 g on the positive control diet, 4 g on the basal diet, and 33 g on a 
test diet containing 12 percent of dried whey, the filtrate-fac- 
tor content of the dried whey would then be computed as 
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The diets were adjusted to keep the nutritive ratio fairly uniform. 
Table 2 illustrates the composition of the diets in a typical test. The 
whey adsorbate used was assayed for riboflavin with chicks. From 
1.3 to 1.5 percent supplied enough riboflavin for maximal growth 
between 2 and 4 weeks when fed in conjunction with diet 96. 


Table 2. — Composition of diets ^ {expressed in parts) used in a typical assay of 
dried-milk products for the filtrate factor 


Constituent 

Composition of diet No. — 

80G 

90 

80G 

91 

i 80G 
92 

80G 

93 

80G 

100 I 

80 G 
96 

80G 

95 

80G 

97 

80G 

98 

Yellow corn meal heated at 120° C. for 24 hours. 

34 

46 

46 

40 

46 

46 

46 

50 

56 

Wheat middlings heat,ed at 120° C. for 24 










hours - 

25 

25 

25 

25 

25 

25 

25 

25 

25 

Coramercial casein heated at 120° C. for 24 










hours - 

10 

4 

10 

10 

4 

10 

10 

12 

12 

Sodium chloride 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Ground limestone - 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Steamed bonemeal 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Whey adsorbate - 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Coddiver oil, medicinal 

1 

2 

2 

2 

2 

2 

2 

2 

2 

Dried whole milk 

25 









Dried skim milk. 





18 





Dried buttermilk. 


18 








Dried rennet whey 



12 







Dried hydrochloric acid casein whey 




12 






Dried lactic acid casein whey 






12 




Sulphuric acid casein whey 







12 



Rice-bran filtrate. 









io 












1 Hexane extract of alfalfa meal, equivalent to 1 percent of alfalfa meal, evaporated on all diets to supply 
vitamin K. 

RESULTS 


The results are summarized in table 3, which compares the various 
products with respect to their filtrate-factor content in units per gram 
of the spray-dried material. The dried wheys contained a liigher 
concentration of the filtrate factor because this vitamin is not readily 
adsorbed and remains in solution in whey after the removal of the fat 
and casein. Table 3 shows that there may be considerable disparity 
between duplicate assays; but when average values were taken as in 
table 4 the products prepared in May arranged themselves in the same 
order of efficacy as those prepared in November. Differences between 
a product prepared in November and the corresponding product 
prepared in May were insignificant. 


102953—38- 
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Table Z.— Filtrate factor content of dried milk and whey samples prepared in 
November 19S5 and May 1936 as determined by biological assay with chicks 

NOVEMBER SAMPLES 


Diet No. 

Supplement (dried product) 

Pro- 
per* 
tion of 
supple- 
ment 
in diet 

Length 
of assay 
period 

Gain 
on sup- 
ple- 
ment- 
ed diet 

Gain 

on 

basal 

diet 

Gain 
on pos- 
itive 
control 

Filtrate 
factor per 
gram of 
supple- 
ment 

8()E 5S 

Skim milk. - 

Per- 

cent 

18 

Days 

13 

Grams 

32 

Grams 

4 

Grams 

59 

Units 

2.8 

8flE 

Whole milk 

25 

13 

36 

4 

59 

2. 3 

SOE 60 

Buttermilk. 

18 

13 

44 

4 

59 

4.0 

ROE 6t"”. 

Rennet whey - 

12 

13 

43 

4 

59 

5. 9 

ROE 62 

Hydrochloric acid casein whey 

12 

13 

30 

4 

i 59 

59 

3. 9 

SOE 63 

Lactic acid casein whey 

12 

13 

34 

4 

4.5 

ROE 64 

i Sulphuric acid casein whey 

12 

13 

35 

4 

59 

4.7 

ROE 6S 

Skim milk 

12 

14 

25 

8 

72 

2 2 

SOE 69 

Whole milk 

12 

14 

13 

8 

i 72 

o’. 7 

SOE 70 

Buttermilk.. 

12 i 

14 

27 

8 

72 

2.5 

ROE 71 

Rennet whey 

12 

14 

41 

8 

72 

4. 3 

SOE 72 

Elydrochloric acid casein whey 

12 

14 

28 

8 

72 

2.6 

ROE 73 _ — 

Lactic acid casein whev 

12 

14 

30 

8 

72 

2. 9 

SOE 74 

Sulphuric acid casein whey 

12 

14 

39 

8 

72 

4.0 


MAY SAMPLES 


SOG 100-.- 

Skim milk 

18 

12 

35 

6 

64 

2.8 

SOG 90 

Whole milk 

25 

12 

29 

6 

64 

1.6 

SOG 91 

Buttermilk 

18 

12 

39 

6 

64 

3.2 

800 92 

Rennet whey 

12 

12 

41 

6 

64 

5. 0 

SOG 93 

Hydrochloric acid casein whey 

12 

12 

26 

6 

64 

2.9 

SOG 94- 

lActic acid casein whey. 

12 

12 

40 

6 

64 

4.9 

SOG 96 

Lactic acid casein whey 

12 

12 

38 

6 

64 

4.6 

SOG 95.— 

Sulphuric acid casein whey 

12 

12 

38 

6 

64 

4. 6 

SOG 110— 

Skim milk 

24 

13 

25 

S 

55 

1.5 

SOG 103.— 

Whole milk 

33 

13 

34 

8 

55 

1.7 

SOG 104.-- 

Buttermilk 

24 

13 

46 

8 

55 

3.4 

80G 105--. 

Rennet whey 

16 1 

13 

54 

8 

55 

6.1 

SOG-106.... 

Hydrochloric acid casein whey 

17 i 

13 

34 

S 

55 

3.2 

SOG 108— 

Lactic acid casein whey. 

15 

13 

30 

8 

55 

3.1 

SOG 107.— 

Sulphuric acid casein whey 

17 i 

13 

50 

8 

55 

5,3 


Table 4. — Average values obtained for filtrate factor content of dried-milk products 

in units per gram 

[Summarized results of table 3] 


Dried-milk product 

Novem- 
ber 1935 
samples 

May 

1936 

samples 

Dried-milk product 

Novem- 
ber 1935 
samples 

May 

1936 

samples 

Skim milk 

Whole milk 

Units 

2.5 

1.5 
3.2 
5.1 

Units 

2,2 

1.6 

3.3 

5.6 

Hydrochloric acid casein 
whfty . 

Units 

3. 2 j 
3.7' 
4.4 

Units 

3.0 
4.2 

5.0 

Buttermilk- ! 

Rennet whey i 

■ 1 

Lactic acid casein whey 

Sulphuric acid c^ein whey.. . 


BIOLOGICAL ASSAY FOR LACTOPLAVIN 

METHOD 

111 an assay for the filtrate factor, the basal diet must contain an 
excess^ of riboflavin {6). For the same reason, a basal diet for the 
biological assay of riboflavin must contain an excess of the filtrate 
factor. Diet 96 (7) was used. The treatment of the chicks and the 
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method of calculating the riboflavin content of the supplements re- 
sembled those employed in filtrate-factor assays except, of course, 
that diet 96 was used instead of diet 80G and the supplement for the 
positive control diet was whey adsorbate instead of rice-bran filtrate. 
Table 5 shows the composition of the diets and some of the results 
obtained. The rice-bran filtrate furnished 20 units of filtrate factor 
per gram. 

RESULTS 

Several complete series of riboflavin assays of the two sets of milk 
products were made. The results are shown in table 6 and summar- 
ized in table 7. Although fairly consistent values were obtained for 
the dried-milk samples, the variation in the results obtained for the 
whey samples was disappointingly large. At present the^ discrepan- 
cies in the whey assays cannot be explained. Other materials such as 
alfalfa meal have given a fair degree of reproducibility in repeated 
assays. 

Kecent unpublished studies indicate that the ^^unit of riboflavin’^ 
employed in this investigation corresponds to about 2.3 micrograms of 
synthetic d-ribofiavin. 

Table 5 . — Representative diets used {expressed in parts) and weight gains made in 
assay of dried-milk and whey products for riboflavin by the method of chick growth 


Composition of diet No. — 















96-86 

96-87 

96-88 

96-89 

96-90 

96-91 

96-92 

96-100 

96-101 

96-102 

96-103 


30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

Cornstarch 

20 

17 

22 

22 

22 

22 

22 

23 

23 

23 

23 

Washed bran 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 


19 

19 

20 

21 

21 

21 

21 

22 

22 

22 

22 

Rice-bran ^ filtrate, free from 

7 


7 

7 

7 


7 


7 

7 

7 

Saltl.— — 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Bonemeal 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 














2 


2 

2 

2 

2 

2 

2 

2 

2 

2 


3 

3 

3 

3 

3 

s' 

3 

3 

3 

3 

3 

Dried skim milk (November 

6 











Dried* whole milk (November 
lOMl 


8.7 










Dried buttermilk (November 

IQS.tv^ 


4 









Dried hydrochloric acid casein 
whey (November 1935) 




3.9 








Dried rennet whey (November 

1935) ^ 




3.9 







Dried sulphuric acid casein whey 
rNf^Vf^TTiber 1935) 





4 






Dried lactic acid casein whey 
(Nr>vemhPir 19.35) 







3.9 


: 1 











1 

■ 2 i 

2.5 

Gain of chicks in 15-day assay 
pprind grams 

48 

48 

53 

48 

39 

39 

42 

18 

55 

64 

65 

Gain over basal do 

30 

30 

35 

30 

21 

21 

25 


37 

46 

47 

Ribofiavin content of supple- 
ment per gram units 

11 

7 

19 

17 

12 

12 

14 


80 

6) 

(2) 








1 Equivalent to 1 of alfalfa meal. 
^ Positive control diets. 
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Table 6.- — Riboflavin content of dried milk and whey samples prepared November 
19S5 and May 19S6, as determined by biological assay with chicks 


Diet 

No. 

Supplement 
(dried product) 

Propor- 
tion of 
supple- 
ment 
in diet 

When prepared 

Period 
on diet 

Gain 

on 

supple- 

mented 

diet 

Gain 

on 

basal 

diet 

Gain 

on 

posi- 

tive 

control 

diet 

Ribo- 
flavin 
per gram 
of supple- 
ment 

2 

Skim milk 

Percent 

5 

November 

Pays 

20 

Grams 

49 

Grams 

22 

Grams 

71 

Units 

11 

93 3 

93 4 


7 

do 

20 

51 

22 

71 

8 

Renuet whey 

3.2 

do 

20 

46 

22 

71 

15 

93 5 

Hydrochloric acid case- 

3.3 

do 

20 

37 

22 

71 

9 

93 6 

Lactic acid casein whey. 

3.2 

do 

20 

35 

22 

71 

8 

93 7 

Sulphuric acid casein 
whey 

3.4 

do 

20 

39 

22 

71 

10 

93 S 

Buttermilk 

5 

do 

20 

02 

22 

71 

16 

90 16 

Skim milk 

5 

do 

14 

28 

9 

53 

9 

96 17 
90 19 
90 23 

do 


May 

14 

34 

9 

53 

11 


5 

S 

do. 

14 

41 

9 

53 

15 

Skim milk 

November 

15 

42 

12 

58 

S 

90 31 

Lactic acid casein whey. 

5.1 

May 

15 

33 

12 

58 

9 

96 32 
90 86 


5.3 

do 

15 

31 

12 

58 

8 

Skim mUk.-l 

G 

November 

15 

48 

18 

64 

11 

96 87 
90 88 
90 89 

Whole milk _ 

8.7 

do 

15 

48 

18 

64 

7 


4 

do 

15 

53 

18 

64 

19 

Hydrochloric acid case- 
in whey 

3.9 

do 

15 

48 

18 

64 

17 

90 90 i 

Rennet whey 1 

3.9 1 

do 

15 

39 

18 

64 

12 

96 91 

Sulphuric acid casein 
whey 

4 

do 

15 

39 

18 

64 

12 

00 92 ' 

Lactic acid casein wliey. 

3.9 

do 

15 

43 

18 

64 

14 

90 93 1 
90 90 ! 

Skim milk--- - 

G 

May 

15 

47 

18 

64 

11 

Hydrochloric acid case- 
in whey 

4.3 

do 

15 

50 

18 

64 

16 

90 97 1 

Rennet whey 

4 

do 

15 

35 

18 

64 

9 

90 98 I 

i 

Sulphuric acid casein 
■whey- 

4.2 

do 

15 : 

32 

18 

64 

7 

90 99 1 

Lactic acid casein whey, ' 

3.8 

do 

15 

36 

18 

64 

10 

90 116 ! 

Whole milk 

8.3 

— do— 

14 

62 

18 

75 

9 

90 117 

Buttermilk 

4 

do 

14 

61 

18 

75 

19 

90 124 1 

i 

Sulphuric acid casein 
whey 

4 

November i 

14 

47 

9 

70 

16 

90 125 

Rennet whey__ 

4 

May 

14 

47 

9 

70 

16 

90 120 

Skim milk 

6 

November 

14 

61 

9 

70 

14 

96 127 

Hydrochloric acid case- 
in whey 

4 

do 

14 

42 

9 

70 

14 

90 128 

Rennet whey 

■4 

do 

14 

57 

9 

70 

19 

90 129 

Lactic acid casein whey. 

4 

do 

14 

47 

9 

70 

16 

90 132 

Skim milk— - 

6 

May ' 

14 

50 

9 

70 

11 

90 133 

Hydrochloric acid case- 
in whey — 

4 

do - — 

14 

45 

9 

70 

15 

90 134 

Sulphuric acid casein 
whey — 

4 

do.. 

14 

48 

9 

70 

16 

90 135 

Lactic acid casein whey_ 

4 

do 

14 

47 

9 

70 

16 


Table 7. — Average values obtained for ribofiavm content of dried-milk products in 

units per gram 


Dried-milk product 


Skim milk,«. 

Whole milk 

Buttermilk 

llydrochlorie acid casein whey, 
■Rennet whey, 

Sulphuric acid casein whey.... 
’Lactic acid casein whey_ 


[Summarized results of table 6] 


November 1935 samples 

May 1936 samples 

Unifs 

■ , 

Units 

Units 

Units '! 

Units 

Units 

Units 

UriUs 

irl 

9 ; 

8 

11 I 

14.1 

111 

11 1 

11 

8 

7 




9 



16 

19 




15 

19 


9 

17 

14 



16 

15 


15 i 

12 

19 



8 

9 

10 

10 

12 

16 



7 

16 


8 ! 

14 

16 



9 

10 

1() 
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SUMMARY 

A series of spray-dried milk products was prepared from a batch of 
iiiilk in November 1935, and a similar series was prepared at the same 
place in May 1936. Each series consisted of whole milk, skim milk, 
buttermilk, rennet whey, hydrochloric acid casein wlie}^, sulphuric acid 
casein whey, and lactic acid casein whey. Each series of samples was 
submitted to biological assay for the filtrate factor with cliicks on a 
basal diet of heated natural foodstuffs. Any possible differences 
between the November and the corresponding May samples were not 
large enough to be detected by the method of assay. The descending 
order of potency for the November series was as follows: Rennet 
whey, sulphuric acid casein whey, lactic acid casein whey, hydro- 
chloric acid casein whey and buttermilk, skim milk, whole milk. The 
order was the same for the May series except that buttermilk was 
slightly superior to hydrochloric acid casein whey. In rough figures, 
dried whey of various types furnished from 3 to 6 units of filtrate factor 
per gram; dried buttermilk, 3 to 4; dried skim milk, 2 to 3; and dried 
whole milk, 1 to 2. 

Dried milk and dried whey are not concentrated sources of the 
filtrate factor, but it was possible to assay spray-dried milks and wheys 
with fairly good agreement between duplicate assays. 

Milk products supply from two to five times as much riboflavin as 
the filtrate factor in terms of similarly computed chick units. Milk 
is valuable, therefore, in the chick ration as a source of riboflavin, since 
grains and grain byproducts present an opposite situation — that is, 
they tend to be very poor sources of riboflavin and to supply moderate 
amounts of the filtrate factor. Recent unpublished studies indicate 
that 1 chick unit corresponds to about 2.3 micrograms of synthetic 
d-riboflavin in terms of the methods employed in this investigation. 

No difference within the limits of accuracy of the biological assay 
method used was found between November and May samples of milk 
products from the same locality. 

Buttermilk was distinctly richer than skim milk in riboflavin. 

Inconsistencies in the results made it impossible to say whether 
there were appreciable differences in the riboflavin content of whey 
samples prepared by different methods from the same batch of milk. 
As table 7 shows, fairly consistent results were obtained in repeated 
assays of skim milk, whole milk, and buttermilk; but the results with 
the various whey samples were irregular. At present the discrepancies 
in the whey assays cannot be explained. Other materials, such as 
alfalfa meal, have given a fair degree of reproducibility in repeated 
assays. 
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RELATION OE^ SOIL TEMPERATURE TO CHLOROSIS OF 


GARDENIA^ 

By Linus H. Jones 

Assistant research 'professor of botany, Massachusetts Agricultural Experiment 

Station 

INTRODUCTION 

Normal leaves of gardenia are glossy and dark green in color. 
Immature leaves may be a lighter green, but they are glossy and quite 
" green even as they open from the bud. During the winters of 1934-35 
and 1935-36 a chlorotic condition of the leaves of gardenia growing 
^ under glass caused serious concern to Massachusetts growers. The 

^ malady in its early stages is characterized by a gradual decrease of 

green in the interveinal areas of the leaves. This decrease of green 
continues until a straw-yellow color has developed. The vein areas 
are the last to lose the green color. This type of chlorosis is jSrst 
noted near the tips of shoots, i. e., newly developed and rapidly 
I growing branches, and is followed by a similar chlorotic development 

in the leaves of the longer terminal branches. In later stages growth 
slows down and new leaves, as they appear, are relatively small and lack 
green color. Frequently, brown areas develop at the tip of the leaf 
and also in the margin. 

Chlorosis is the visible effect of some cause, but it is by no means a 
criterion to establish a definite cause. Among the causes suggested 
I for the chlorosis in question were the following: Deficiency in iron; 

soil reaction; unbalanced fertilizer ration; high concentration of 
; calcium and sodium ions; nitrogen deficiency; lack of light; and 

I mosaic diseases. • A careful study of the environment and treatment 

1 of plants, some healthy and some chlorotic, indicated that none of these 

factors was involved. However, there did develop some evidence 
that a temperature factor was involved. Further investigation re- 
i vealed that this temperature factor was localized in the soil. 

METHODS 

A preliminary test of the theory that soil temperature was the con- 
trollable factor in the clilorosis of gardenia was made by placing 
I ' chlorotic potted gardenia ^ plants on a shelf over steam pipes. Check 

> plants, not quite so chlorotic, were kept on a bench that did not have 

bottom heat. The test was started February 14 and was continued 
, for 22 days. Records of air temperature about the two sets of plants 

showed the air temperature to be substantially the same. Soil- 
temperature records were taken daily at 9 a. m. 

At about the twelfth day, the plants over the steam pipes showed a 
noticeable change in the tip leaves. The yellow color was disappear- 
ing as the healthy green color returned. These were young leaves and 

i Received for publication February 11, 1938; issued November 1938. Published as Contribution No. 301 
of the Massachusetts Agricultural Experiment Station. 

^ mic/iw was used in all the tests reported. 
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they developed well to their normal size. Leaves below the tip leaves 
were too old to expand to normal size, but they did regain their normal 
green color, wliich started from_ the base of the midrib and slowly 
expanded outwardly from the midrib. In general, the return of the 
green color was from the top of the plant downward and from the 
base of the leaf outward. 

The check plants, less clilorotic at the start of the test, became 
exceedingly clilorotic. The newer leaves lacked green color as they 
unfolded!” and they developed to only a small fraction of their normal 
size. The record of the soil temperatures, shown in table 1, indicates 
the wide difference in this factor during the duration of the test. 


T.1BLB l.—Soil temperature records of, and the temperature difference between, 
pla?iis on benches with and without bottom heat 


Date 

Bottom 

beat 

Without 

bottom 

heat 

Difference 

Date 

Bottom 

heat 

W’'ithout 

bottom 

heat 

Differ- 

ence 






°C. 


°C7. 


23 

18 

5 

Feb. 29 

25 

14 

11 

Feh. 16 

26 

17 

9 

Mar. 1- 

31 

17 

14 

Feb. 17 

1 2S 

18 

10 

Mar. 2 

25 

13 

12 


23 

15 

8 

Mar. 3 

29 

18 

11 

Feb. 19 

22 

11 

11 

Mar. 4 

28 

17 

11 

Feb. 20, 

22 

10 

12 

Mar. 6 

26 

17 

9 

Feb. 21 

23 

11 

12 

Mar. 6 

22 

13 

9 

Feb. 22 

Fiih 

31 

23 

17 

14 

14 

9 

Mar. 7 

29 

19 

10 

Feb. 24 

24 

14 

10 

Maximum 

31 

20 

14 

Feb. 25... 

30 

i 18 

12 

Minimum 

21 

10 

5 

TVh 26 

30 

1 20 

10 





Feb. 27 

27 

^ 17 

10 

Average 

25.8 

15.5 

10.3 

Feb. 28..., 

21 

; 13 

8 






The recognition of soil temperature as a causal factor made it pos- 
sible to check conditions in a greenhouse where clilorosis was well 
established. There were, however, plants or groups of plants that 
were healthy. Plants in containers near or over steam pipes had 
healthy dark-green leaves. Plants in benches, except at the ends of 
the house, were generally chlorotic. At one end of the house, steam 
entered the radiating system and at the other end, with extra piping 
and traps, steam was condensed and the water stored before being 
returned to the boiler.^ Soil-temperature readings in these healthy 
areas were markedly higher than those in the chlorotic areas. The 
lowest soil temperature in this particular house was in a bench about 
which steam seldom passed. It was in this bench that chlorosis 
always appeared first and became most severe. 

The demonstration that this particular type of chlorosis could be 
obviated by raising the soil temperature, and the fact that chlorosis 
was prevalent at all low soil temperatures and absent at high soil 
tempi^eratures, clearly indicated that somewhere within a wdde range 
of soil temperatures there would exist a narrow band of temperatures 
below which chlorosis would be induced and above which it would 
not appear. 

Experiments were, consequently, carried out in a constant soil- 
temperature apparatus ^ where it is possible to obtain and maintain 
a wide or narrow range of soil temperatures (fig. 1). The experiments 

3 Puller, James E., and Jokes, Linus H. the iisfELUENci of temperature on the nitrate content 
O f SOIL IN THE PRESENCE OF DECOMPOSING CELLULOSE. Soil Sci. 34: 337-360, illus. 1932. 
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were definitely planned not only to study tlie effect of soil temperature 
tis the days grew shorter, biit also to make a similar study as the 
dayliglit period lengthened. It was further j'llanned that the influence 


Figure l.—Constant soil-temperature apparatus in which gardenias were exposed 
to a range of soil temperatures. 

by the light factor in the apparatus must be OTercome by inducing 
chlorosis by soil temperature at any and all available locations in the 
apparatus. The influence of previous exposure of the plant roots to 
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soil temperature was considered by establisMng tiie plants at Imowii 
soil temperatures before they were subjected to diiFerent soil tem- 
peratures, 

EXPERIMENTAL EESULTS 

EXPERIMENT 1, MARCH 25~JUNE 16 

Hard plants from 3K-inch pots were shifted to galvanized-iron 
containers. There were two plants in each container and four con- 
tainers at each temperature in the apparatus. The range of tempera- 
tures was from to 32"^ C., the increment of increase being at 2° 
steps. The air temperature was maintained at about 21° by a ther- 
mostat control. However, for 14 days before the temperature adjust- 
ment was made, all plants were allowed to establish themselves at a 
soil temperature of 24°. The soil used was 4 parts good compost soil 
and 1 part peat. 

Effect op Soil Temperature on the Plant 

The first effect of soil temperature was noted at the two lower tem- 
peratures, 8° and 10° C. The plants wilted immediately as the tem- 
perature adjustment was attained. They recovered their turgidity 
at night, and maintained it in cloudy weather; but for 2 weeks they 
wilted in the sunshine, the tendency naturally decreasing as the period 
lengthened. Evidently root activity was depressed by the low tem- 
perature, and the roots could not absorb enough water to replace that 
lost by transpiration in periods of sunshine. This type of wilting, due 
to a lowered root temperature, has also been noted by Arndt,^ who 
observed it in cotton plants grown in solution and in soil cultures. 

The second effect was also noted at the two lowest temperatures 
where there occurred a rapid senescence of the oldest leaves, i. e., 
those nearest the soil surface. These leaves had become orange in 
color within 10 days and either dropped or slowly turned to the bronze 
brown of a dead leaf while remaining attached to the plant. This 
effect always developed in succeeding experiments and at the same 
soil temperature of 10° C. or less. At soil temperatures of 12° and 
above, there was no sign of rapid senescence, although now and then a 
leaf did turn orange, a perfectly normal occurrence. Undoubtedly 
the low soil temperature was the causal agent and not the shock of 
transplanting. 

The third effect was the development of interveinal chlorosis. The 
transition from a healthy green to the early expression of yellow 
green in chlorosis was hardly noticeable, especially on bright days. 
It was best observed in cloudy weather. At the end of 40 days, it 
was apparent that interveinal chlorosis was present in all plants at 
soil temperatures of 18° C. and below. After 80 days there were a few 
leaves on plante at the soil temperature of 20° that showed 'interveinal 
chlorosis, but it was yery slight. All chlorotic leaves at 18° and below 
became more chlorotic as the test progressed, and the degree of yellow- 
ing was directly associated with each drop in soil temperature. 

Chemical Analysis op Plant Parts 

The leaves and terminal twigs of healthy and chlorotic plants were 
harvested at the end of 83 days, dried for 48 hours at a temperature of 

* Aendt, Ghaeles H. watbe absoeption in the cotton plant as affected by soil and watek 
TEMPERATTJEES. Plsiifc PhysioL 12; 703-720. 1937. 
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73° C., and cliemically analyzed, mth the object of determining 
whether an essential element was lacking. The results of the analysis 
are shown in table 2 } 


Table 2,— Chemical analysis of leaves and twigs from healthy and chlorotic 

gardenia plants 


Constituent 

Leaves 

Terminal twigs 

Chlorotic; 
20® 0. and 
lower 

Healthy; 
24® 0, and 
higher 

20° C. and 
lower 

24° 0. and 
higher 


Percent 
8.82 
91. 18 

Percent 
6.93 
93.07 1 

Percent 

8.69 

91.31 

Percent 

8. 86 

91, 14 

Organic matter - - 

Phosphoric acid (P 2 O 5 ) 

Nitrogen 

100. 00 

100.00 

100.00 

100.00 

.46 

3.36 

.16 

.55 

2.59 

.98 

.09 

1. 14 
,54 
.008 
.29 

.46 

2.84 

.16 

.27 

1. 50 
.43 
.11 

1. 06 
.60 
.006 
.47 

.60 
2.81 
.10 
.27 
1.47 
. 61 
.09 
2.87 
.78 
.005 
.13 

.99 

2.33 

1 .10 

i .27 

! , 1.73 

1 .44 

i .09 

2.37 
.75 
.0024 
. 19 

(ns _ 

Sulphuric acid (SO 3 ) as sulphates 

Potassium oxide 

Sodium oxide (Na20) 

Iron and aluminum oxides (Fe 203 . AhOs) 

Calcium oxide (CaO) 

Magnesium oxide (MgO) 

Manganese (Mn) 

Insoluble matter 



There do not appear in the tabulation of the chemical analysis 
sufficient differences to warrant the interpretation that an essential 
element is lacking in the chlorotic plants. As a matter of fact, some 
of the elements are more concentrated in the chlorotic plants, a con- 
dition commonly found in diseased or unhealthy plants. While it is 
possible that at the lower soil temperatures, absorption from the soil 
by the plant or translocation within the plant may have been de- 
pressed, the fact remains that the plants were returned to a normal 
development by simply raising the soil temperature, which indicated 
the presence, in adequate quantity, of the necessary chemical con- 
stituents. 

Effect of Soil Temperatuee on Size of Leaf 

. In due time it was evident that the effect of soil temperature ex- 
pressed itself not only in the degree of chlorosis, but also in the degree 
of growth and size of leaf. It is ;of particular interest to note that the 
size of the leaf was not at all influenced by the air temperature, which 
was maintained fairly constant the entire length of the apparatus 
while the soil temperature was the variable. This variable of soil 
temperature was related to leaf size as measured by length of leaves. 

With the limited number of plants it was possible to choose for 
measurement 10 leaves at each temperature. These leaves were all 
developed and matured after the experiment was started. The 
measurements were made 50 days after the temperatures were altered. 
The averages of the measurements at each soil temperature were taken 
and graphed as shown in figure 2. These measurements show that 
the length of the leaf was increased by a rise in soil temperature. No 
measurable growth took place at the lowest temperature, 8°^C., al- 
though the plant attempted to form new leaves. These soon withered 


5 This analysis was made by Prof. H. 1). Haskins of the Massachusetts Agricultural Experiment Station, 
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and died in tlie early effort of expanding. Figure 2 shows a close 
correlation between size of leaf and chlorosis, indicating that the root 
medium must supply not only mineral nutrients and water for the 
plant, but also a temperature environment at which the above-ground 
portions may carry on their normal functions. In figure 2 the leaves 
at soil temperature 22^^ are blocked off* from both chlorotic and healthy 
areas because, though their length was that of healthy leaves, there 
were slight traces of chlorosis. 

EXPERIMENT 2, SEPTEMBER 22-MAy 24 

Experiment 2 was planned in two parts: Part 1, to repeat experi- 
ment 1 as the days were growing shorter (the days were growing 
longer in experiment 1) ; part 2, to sliift the temperatures at a suitable 
time to determine whether the position of the plants in the apparatus 



Figure 2. — Effect of soil temperature on length of leaves. 


was in any way connected with the physiological disturbances as 
noted in the first experiment. 

The same soil temperatures wwe used except the one at 8° C., which 
in experiment 1 proved too low for growth. The plants used in this 
experiment were in a soft condition, vigorous and rapidly growing, 
in 5-inch clay pots. They were properly acclimated in the apparatus 
and the range of soil temperatures adjusted. 

The development of chlorosis was first evident, after 27 days, in 
the plants at the lowest soil temperature, 10° C. At the end of 60 
days there was the same general distribution of chlorosis as in experi- 
ment 1. All new leaves at soil temperatures of 10° and 12° were 
pale yellow. At 14°, 16°, and 18° the chlorosis was characterized by 
interveinal yellowing, which was less at each rise in soil temperature. 
All plants at 22° and above were a normal healthy green, but at 20°, 
the same uncertain point as in experiment 1, the color of the foliage 
was normal except on newly formed basal shoots. Such shoots 
emerge either from below the soil line or just above it. It is possible 
that the shoots themselves had not developed sufficient tissue to 
insulate them from the effects of a cool temperature emanating from 
the soil. Chroboczek ® has demonstrated that lowered temperatures 


6 Chroboczek, Emil. 
IN BEETS (beta VULGARIS 


A STUDY OF SOME ECOLOGICAL FACTORS INFLUENCING SEED-STALK DEVELOPMENT 

L.) . N. V. (Cornell) Agr. Expt. Sta. Mem. 164, 84 pp., illus. 1934. 
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about the base of a growing point alter the physiological function of 
the resulting growth. 

Twelve weeks (September 22~December 15) after experiment 2 
was started and when no further chlorotic effects could be expected, 
the temperatures, not the plants, were shifted to make sure that the 
position of the plants in the apparatus was not the determining factor 
of chlorosis. The plan of the shift and the condition of the plants at 
the time of shift and at the end of the experiment are shown in figure 3 . 

The only immediate effect observed from this sudden shift in tem- 
perature of the soil was the wilting, at soil temperatures of 10° and 
14° C., of the plants which a few hours previously were at soil tem- 
peratures of 32° and 28°, respectively. Wilting occurred for a few^ 
days, but the plants eventually recovered their turgidity. 


Distbibution of Temperatures in Apparatus 


(WEST) (NORTH) (EAST) 


10° 0. 12° 0. 14° C. 16° C. 18° C. 20° C. 

22 °C. 

24° C. 26° P. 28° C. 30° 0. 32° C. 

Condition at end rhinmt-in 

of 12 weeks oniorotic 

Green 

Plants unchanged; temperatures shifted. 




32° C. 

12° C. 

28° C. 

16° C. 

24° C. 

22° C. 

20° C. 

18° C. 

26° C. 

14° C. 

30° C. 

10° C. 

Condition at end 
of second 12 
weeks 

Green 

Chlorotic 

(very) 

Green 

Chlorotic 

(very) 

Green 

Green 

Light 

green 

Chlorotic 

(medium) 

Green 

Chlorotic 

(medium) 

Green 

d 

S3 bO 

A 


Figure 3. — Diagram to illustrate the effect of soil temperature on chlorosis of 

gardenia plants regardless of their position in the soil- temperature apparatus. 

The plants which had been subjected to low temperatures for 12 
weeks (soil temperatures of 10° and 14° C.) were very chlorotic. 
After they were subjected to higher temperatures (soil temperatures 
of 32° and 28°), they began to show signs of a return to green color 
at the thirteenth day. At the end of 56 days, plants which had been 
green at fairly high soil temperatures (28° and 24°) showed interveinal 
chlorosis at the changed temperatures of 14° and 18°. The new 
leaves of these plants were developing with a yellow color instead of 
the normal green. 

Chlorosis did not develop at the lowest soil temperature, 10° C. 
This exception by no means distorts the previous findings that a low 
soil temperature will induce chlorosis. Tliis particular group of plants 
liad been growing for 12 weeks at the very high soil temperature of 
32°. Under these conditions of excellent root and above-ground 
environments, the plants were enabled to take advantage of all syn- 
thetic processes more intensely than any other group of plants in the 
experiment. When the temperature of the soil was dropped to 10°, 
all vegetative growth ceased and the leaves (there^were no new leaves 
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produced after the drop in temperature), instead of becoming chlorotic, 
became a dark green. The immense supply of food material built up 
in the 12-week period of high soil temperature was not used in new 
growth after the temperature was dropped, but evidently was influ- 
ential in altering the vegetative habit of development to a reproduc- 
tive habit, for the plants produced a tremendous set of buds, prac- 
tically every terminal bud developing into a flower bud. There was 
an average of 34 flower buds per plant, and most of them developed 
into flowers. The low temperature did not create bud drop. The 
same alteration from a rapid vegetative growth to reproductive de- 
velopment occurred in the plants which had been growing 12 weeks 
at 28® and were dropped to 14®, although slight vegetative growth did 
take place and chlorosis appeared. To a much less extent, the 
development of flower buds was apparent in the plants originally at 
the soil temperature of 24® and dropped to 18®. There exists a 
definite consistency in the relation of high soil temperatures being 
dropped to fairly low soil temperatures and bud formation. Thus 
the plants grown at 32®, 28®, and 24® and dropped to 10®, 14®, and 
18® respectively (soil temperatures of 30® and 26® were not changed) 
all produced buds, the number of which was seemingly tied up with 
the severity of shock to the plant as measured in degrees of tempera- 
ture dropped. (As this study is confined to chlorosis, the subjects 
of bud set and bud drop, both little understood, will not be discussed 
further in this paper.) 

In general, the results in experiment 2 were similar to those in experi- 
ment 1. They show that soil temperature is the major influence in 
inducing chlorosis or in causing its disappearance, regardless of time 
of year. By shifting the position of the temperatures in the apparatus, 
it was shown definitely that no experimental error due to a light or 
air environment factor had escaped attention. 

It is important to note that those plants that had been at the highest 
soil temperatures in the first part of experiment 2 developed chlorotic 
leaves^ but slowly when the temperature was dropped to a medium 
level in the second half of the experiment. The results from the 
second half of experiment 2, while following the trends of the first part, 
and also the trends of experiment 1, show a delay in developing a 
chlorotic response, which clearly is related to the soil temperatures 
and length of time exposures to these soil temperatures before the 
temperature was dropped. This delay in the onset of chlorosis is also 
noted in greenhouses, where it has been observed that newly set plants 
become chlorotic much earlier than plants that have been benched 
for a year. ^ 

EXPERIMENT 3, JUNE 16-NOVEMBER 1 

Since, in experiment 2, it was shown that the rate of onset of 
clilorosis was related to previous soil temperatures and length of 
exposure to them, it was planned that all sets of plants should be 
grown over a considerable period at the high soil temperature of 
32® C. before being subjected to the range of soil temperatures. 
Young plants from 2M-inch pots, two in each container, were grown 
for 90 days at this high soil temperature. Soil temperatures were then 
adjusted with the increment of increase at 3® instead of 2® in order 
to make more efficient use of the refrigerating system. However, 
this increase in the increment did not interfere seriously in making 
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comparisons of results in experiment 3 with results in experiments 
1 and 2. 

At the end of 30 days, chlorosis was most intense at the soil tem- 
perature of 13° and less intense at 16° C. No chlorosis was apparent 
at soil temperatures of 19° and above. At the end of 45 days, 
chlorosis had increased at soil temperatures of 13° and 16°, with a 
slight indication at 19° and a trace at 22°. 

Figure 1 shows the plants in the constant soil-temperature appara- 
tus, and figure 4 shows the chlorotic plant (13°), the healthy plant 
(32°), and the very dark-green plant (10°). As in experiment 2, the 
plants at the soil temperature of 10° C. developed no symptoms of 
chlorosis, but turned a darker green. 


Figitke 4.— Chlorotic gardenia plant, 13° C. (B); healthy plant, 32° (C); dark- 
green, nongrowing plant, 10° (A)." 

In experiment 3 a definite attempt was made to corelate the 
changes in leaf color with growth- vegetative activitj^. At the time 
the temperatures were adjusted to the desired range, india-ink mark- 
ings were placed upon plant stems at all soil temperatures. Enough 
of these markings were made so that 10 could be chosen as representing 
typical growth at each temperature. The measurements of increase 
in length of stem were made at the 45-day period. The averages of 
these measurements are recorded in table 3, along with the color 
response as affected by soil temperature. It will be observed that 
there was no measurable growth at the lowest soil temperature, 10° C. 
Otherwise, there seems to exist a relation between increase of elonga- 
tion of stems and the lessening of chlorosis. Although a correlation 
may exist, and both are traceable to soil temperature as the causal 
agent, it is diflB.cult to prove that chlorosis is due to a retardation of 
growth or vice versa. There was no growth at the soil temperature 
of 10°, neither was there any chlorosis. 
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Table 3. — Effect of soil temperature on distribution of chlorosis and rate of groioih 
from September 13 to October 27 


Soil tempera- 
ture G.) 

1 

Growth 

Extent of chlorosis 

Soil tempera- 
ture (° C.) 

Growth 

Extent of chlorosis 

1ft 

Centi- 
meters '• 
0.0 
4.S 

Dark green. 

Very chlorotic. 
Chlorotic. 

22 

Centi- 

meters 

11.6 

Trace of chlorosis. 
Green. 

IH 

25 

12.3 

Ift - 

7.7 j 

32 

13.9 

Do. 

- ' 

10. 5 I 

Slightly chlorotic. 



DISCUSSION 

The fact that soil temperature not only induces and controls chloro- 
sis of gardeniaj but also affects the above-ground parts in size of leaf, 
rate of growth, and alteration of the vegetative and reproductive 
phases, and even produces wilting when lowered to 10° C. or less, 
emphasizes an important factor for consideration in the science of 
ecology. While it is customary to consider the effects of temperature 
on the basis of air-temperature readings, and while there is undoubt- 
edly a correlation of plant response with air temperature, nevertheless, 
as these experiments sho’w, the correlation with soil temperature may 
be even closer. 

In field and forest no particular control can be exercised on adjust- 
ments of soil^ temperature. However, it might prove profitable to 
study the various responses that are traceable to soil temperatures. 

Under greenhouse conditions, where some degree of control can be 
exercised, it becomes apparent that the practice of controlling air 
temperature may have some virtue, but it seems possible that plant 
response can be guided better by an exact consideration of soil tem- 
perature. ^¥liile sunshine and clouds may alter the air temperature 
quickly, neither has an immediate effect on soil temperature, which 
lags several hours in attaining its maximum and minimum in relation 
to the same extremes of air temperature. This lag is not consistent 
or easily predictable, since the amount of moisture in the soil is not a 
constant and may vary considerably from immediately after watering 
until the watering is repeated. The amount of water applied and its 
temperature are also factors which may lower the soil temperature 
only slightly in summer and early autumn, but will lower it consider- 
ably in naidwinter and early spring. Heating the water to be applied 
is sometimes practiced, but no recommendations have heretofore 
been made that soil-temperature readings be made in connection with 
watering or other greenhouse practices. Depth of soil is also import- 
ant and one would expect a slower alteration of soil temperature in 
ground beds than in raised benches. 

While the tests discussed in this paper have dealt 'with Gardenia 
veiicfm, it has been observed that the varieties with larger leaves and 
larger flowei’s are considerably more susceptible to the influence of 
soil temperature on chlorosis. It has been observed also that plants 
benched in August develop chlorosis more quickly than those benched 
the previous August. Age and length of exposure to high summer 
temperatures are factors which condition the gardenia plant to resist 
the early soil-temperature influence on inducing chlorosis. 
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SUMMARY AND CONCLUSIONS 

The discovery that a high soil temperature would dissipate the 
chlorosis of Gardenia veitchii suggested the testing of the effects of 
soil temperature on this plant. The work was conducted in a con- 
stant soil-temperature apparatus capable of supplying a range of soil 
temperatures at any time of the year. The work was repeated suffi- 
ciently to warrant the following statements. 

Chlorosis was induced at a soil temperature of C. and less, and 
developed more intensely directly as the soil temperature was lower. 

At soil temperatures of 20° and 22° C. there were traces of chlorosis, 
but it did not increase in intensity as time went on. 

A chemical analysis of leaves and terminal twigs from healthy and 
chlorotic plants did not indicate a deficiency in nutrient elements. 
It did show, in the case of leaves, analytical results characteristic of 
unhealthy plants. 

Change in the length of the day did not affect the onset of chlorosis. 

The time required to induce chlorosis varied with the condition of 
the plants when the temperatures were lowered. Hard plants growing 
at medium temperatures developed chlorosis more slowly than soft 
plants grown at high temperatures. 

The position of the plants in the constant soil-temperature appa- 
ratus (dayhght and possibly air-temperature factors) had no influence 
on the induction or dissipation of chlorosis. 

A sharp rise in soil temperature maintained for 13 days was suffi- 
cient to initiate the gradual return of a healthy green color. 

There was an inverse correlation between the rate of growth and the 
intensity of the development of chlorosis. 

Soil temperature is a factor affecting the size of the leaf, the length 
of the leaf increasing as the temperature is raised. 

At the lower soil temperatures, 8° and 10° C., the plants become 
clilorotic if they have been growing slowly. If they have been grow- 
ing rapidly at a high temperature, they do not become chlorotic when 
the temperature is lowered, but develop a very dark green color and 
cease to grow at all. 

Plants growing at a fairly high soil temperature wilt when the 
temperature is dropped suddenly to 8° and 10° C., but eventually 
recover their turgidity. 

An effect of lowering the soil temperature to 10° C. or less is the 
rapid senescence of the oldest leaves. 

Plants that have been at a high soil temperature and are subjected 
to a low temperature grow little, but set buds. On the other hand, 
plants that have been at a low temperature and are subjected to a 
high temperature grow vigorously, but set no buds. It is evident 
that soil temperature is a factor that may alter the physiological 
phases of vegetative and reproductive development. 
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RESISTANCE IN THE RED RASPBERRY TO THE MOSAIC 
VECTOR AMPHOROPHORA RUBI KALT.^ 

By Glenn A. Hubeb, 'plant pathologist, Western W ashington Experiment Station 
"and C. D. Schwartze, assistant horticulturist, Washington Agricultural Expert- 
ment Station and horticulturist Western Washington Experiment Station ^ 

INTRODUCTION 

The presence of red raspberry mosaic ^ in Washington has been 
discussed by Jones and Baur (5).^ This disease is gradually spreading 
to new localities, and is of major importance in western Washington 
because of the high susceptibility of the principal commercial variety, 
Cuthbert, to infection. 

Rankin (5), in New York, observed that certain red raspberry 
varieties, such as Herbert and Latham, escaped infection to a greater 
extent than others. Slate and Rankin (7) state that the reason for the 
slower spread in one variety than in another is not known but ^h'eflects 
some varietal character in relation to aphid feeding that causes it to 
escape infection even when aphids arrive on it from diseased plants.^^ 
Winter (5), in Minnesota, found that the insect vectors of mosaic 
showed a decided preference for certain varieties. He reported that 
the Herbert variety exhibited marked resistance to Amphorojyhora rubi 
Kalt., whereas Latham and King were susceptible. Field counts 
made in Michigan by Bennett (1) showed high aphid populations on 
Latham, King, St. Regis, and the wild red raspberry, but smaller 
populations on Cuthbert. Cooley {^)y in New York, observed a 
widely fluctuating population of A. rubi on cultivated raspberries, in 
contrast to the steady population on most of the wild red raspberry 
stocks. He states: “This is no doubt a result of the fact that the 
wild red raspberries are usually growing in protected and shaded 
locations where the effects of high winds, driving rains, and summer 
heat are somewhat abated.’^ 

It is generally accepted that certain species of red raspberry aphids 
are the infective agents in mosaic transmission. In western Wash- 
ington, Amphorophora rubi,^ (4) is the most prevalent and widely 
distributed of the raspberry aphids and has been shown repeatedly to 
transmit mosaic. Its active nature and abundance throughout the 
summer months in contrast to other species that are found occa- 
sionally indicate that it is the principal vector of mosaic in red rasp- 
berry varieties in this section. 

Wliile studying mosaic symptoms and the spread of the disease on 
various red raspberry varieties in experimental plots and commercial 

1 Received for publication March 19, 1938; issued November 1938. Published as Scientific Paper No. 387, 
College of Agriculture and Experiment Station, State College of Washington. A brief paper Including a 
part of the data herein reported has been published (^). 

2 The writers express their appreciation to A. J. Hanson, entomologist, Western Washington Experiment 
Station, for suggestions received during the progress of the investigation. 

3 Reference is made in this paper only to the virus disease known as “green” or “severe” red raspberry 
mosaic. 

^ Italic numbers in parentheses refer to Literature Cited, p. 632. . , -r. , 

5 The writers are indebted to Dr. G. F. Knowlton, associate entomologist, Utah Agricultural Experi- 
ment Station, for the identification of this species. 
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plantings, the writers observed that Amphorophora ruhi was more abun- 
dant on some varieties than on others and was absent frona the variety 
Lloyd George. This indication of resistance to A. ruhi in the Lloyd 
George variety appeared to have special significance because of the 
superiority of this variety in breeding for fruit quality. Examination 
of young hybrids resulting from crossing Cuthbert, Lloyd George, 
and other named varieties revealed that some harbored large numbers 
of aphids, others small numbers, and a few none at all, suggesting 
that resistance to A: ruhi may be transmitted in hybridization. 

Following these preliminary observations, a more thorough investi- 
gation of aphid resistance in named varieties and hybrids was under- 
taken by means of both greenhouse experiments and field observa- 
tions. The results obtained from 1935 to 1937, inclusive, are pre- 
sented in this paper. 

MATERIALS AND METHODS 

The named varieties of red raspberry (Buhus strigosus Michx.) 
used in greenhouse experiments were ivom the Western Washington 
Experiment Station experimental plantings, namely, the variety trial 
plots maintained for breeding purposes, an isolated plot for foreign 
introductions, and an isolated planting maintained for raspberry 
disease investigations. Field studies were made in the same plots and 
additional data were obtained from commercial plantings throughout 
the Puyallup Valley. Ail of the plots from which data were obtained 
had been established for a sufiicient length of time to insure aphid 
infestation. 

The investigation of aphid resistance in hybrid raspberries utilized 
materials previously developed in breeding for winter resistance. For 
greenhouse studies, young vigorous “sucker’^ plants, obtained from 
each hybrid in the field, were transferred to 5-inch pots. In field 
studies with hybrids, observations were made in duplicate ^fincrease’^ 
plots in which each hybrid selection was represented by 6 to 50 plants. 
These plantings had been established 2 or more years before the aphid 
counts were made. 

In the greenhouse, usually five plants of each variety or hybrid 
were tested. All plants were tested for aphid resistance either by 
placing a single potted plant in a voile cloth cage and infesting the cane 
tips with aphids, or by confining the aphids to the tips of succulent 
canes in ventilated cellophane bags (fig. 1). The aptdds, Amphoro- 
phora ruhi, used in the 1935 experiments were collected from station 
plots. Those used in 1936 and 1937 experiments were reared in the 
greenhouse on Cuthbert plants confined in voile cloth cages (fig, 2). 
The original colony was established from a single apterous stem mother. 
Transfers were made from one plant to another with small camers- 
hair brushes. 

In the field, in order to obtain a comparative count of the aphid 
populations on varieties and hybrids, 10 canes of each, selected at 
random throughout the plantings, were examined. Because of varying 
lengths of canes and because the aphids were found more commonly 
on the upper leaves and tips of the canes, the upper 10 leaves, in 
addition to the unfolding leaves and cane tips, were examined and the 
aphids counted. 
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in which aphids were confined to tips of 
varieties and seedlings. 


Figueb 1.— Ventilated cellophane bags 
canes of red raspberry 


Figpbe 2.-Voile cloth cages in which aphids were reared for the greenhouse tests. 
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RESISTANCE IN VARIETIES 

GREENHOUSE EXPERIMENTS 

Preliminary observations on red raspberry varieties in various 
plantings showed such marked differences in the number of aphids 
present that two experiments were conducted in the greenhouse in 
1935 to determine the behavior of Amphorophora rubi on several 
varieties under controlled conditions. 

In the first experiments, young succulent canes of 11 varieties were 
cut in the field, immediately placed in water, and taken to the green- 
house. Here they were transferred to Erlenmeyer flasks filled with 
water and so arranged that each flask contained one cane of each of two 
varieties. All possible varietal combinations were made. The canes 
in each flask were fastened together at the base and the leaves were 
allowed to intermingle. All aphids were removed from the canes and 
10 apliids, second and third instars, were placed on the tip leaves of 
each cane. The apliids were collected in the field from varieties differ- 
ent from those on which they were placed. The water in the flasks 
was changed twice daily, and the temperature in the greenhouse was 
maintained at 70° to 75° F. 

After 7 days the aphids on each cane were counted. Each leaf was 
carefully removed when the count was made so as to distrub the aphids 
as little as possible, thus minimizing movement from one variety to 
another during the process of counting. The results of the experi- 
ment are given in table 1. 

On the varieties Chief, Cuthbert, King, Latham, Marlboro, New- 
man, and Viking the aphid population increased abundantly, while 
on Antwerp, Herbert, Lloyd George, and Newburgh it increased only 
slightly or not at all. Paired varieties of the former group show in 
general a marked increase of Amphorophora rubi on both, while in 
paired varieties of the latter group there was a marked decline in 
numbers of aphids with one exception, the Newburgh-Herbert com- 
bination, When varieties of each group were paired the number of 
aphids increased on varieties of the former group and decreased on 
those of the latter, with few exceptions. The exceptionally high counts 
on Alarlboro in the Lloyd George-Marlboro pair and on Newman in 
the Lloyd George-Newman pair suggests that the aphids moved from 
the Lloyd George to Marlboro and Newman. 


Table 1. — Popnlation of Amphorophora rubi on paired canes of red raspberry 
varieties ^ held in Erlenmeyer flasks in the greenhouse for 7 days 


Variety 

Ant- 

werp 

Chief 

Cuth- 

bert 

Herbert 

, 

King 

Latham 

Lloyd 

George 

Marl- 

boro 

New- 

burgh 

,Ne,w- 

man 

Chiel— 

87 

1 



















Cuthbert 

89 

2 

58 

38 

















Herbert,, 


4 

15 

34 

1 

2 20 












.... 



Xing 

47 

5 

39 

20 

73 

43 

51 

9 













Latham, 

69 

0 

61 

61 

24 

2 27 

11 

7 

15 

89 











Lloyd George.. 

0 

3 

3 

46 

1 

57 

0 

5 

2 

54 

3 

31 









Marlboro 

86 

7 

68 

86 

55 

21 

75 

12 

29 

29 

39 

5 

101 

0 






■ 

Newburgh 

13 

0 

23 

41 

2 

57 

15 

20 

28 

78 

13 

25 

1 

1 

9 

42 





Newman 

97 

4 

36 

99 

27 

42 

28 

7 ! 

76 

83 j 

21 

74 

123 

0 

! 27 

140 


.... 



Viking. 

47 

0 

54 

41 

19 ■ 

31 

28 

7'.' 

.24 

22 ^ 

107 

15 

61 

0 

96 

33 

63 

13 

'ei' 

li 


1 The figures in the column at the left under each variety give the number of aphids on the variety listed 
in the stub; the figures in column at the right give the number of aphids on the variety at the top of the 
column. 

2 Larvae of syrphid fly present on the Cuthbert cane only. 
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The few aphids that remained on the Lloyd George canes were 
adultSj indicating that reproduction had not occurred." The popula- 
tions on Antwerp were small, but the presence of first instars indi- 
cated that reproduction had taken place. The number of instars 
found on Herbert and Newburgh showed that reproduction had taken 
place to a slightly greater extent than on Antwerp. 

The behavior of Amphorophora ruhi when confined to Antwerp, 
Herbert, Lloyd George, and Newburgh indicated that these varieties 
possess a marked degree of resistance to this mosaic vector. 

In the second experiment, young succulent potted plants of the 
same varieties used in the first experiment were placed in the open 
insectary under voile cloth cages, each containing a single aphid-free 
plant. Twelve adult aphids were placed on each plant. The aphid 
counts on the different varieties after 7 days were as follows: Ant- 
werp, 5; Chief, 77; Cuthbert, 74; Herbert, 42; King, 86; Latham, 88; 
Lloyd George, 0; Marlboro, 69; Newburgh, 23; Newman, 109; and 
Viking, 73. These data also indicated a marked resistance in Ant- 
werp and Lloyd George, and a less marked resistance in Herbert and 
Newburgh, in contrast to the susceptibility of the other varieties. 

During the growing season of 1936, an experiment was conducted 
in which a young vigorous plant of each of 15 varieties was placed 
in a cage by itself, and 10 aphids, second and third instars, were dis- 
tributed on the tip leaves of each plant. Counts of the aphid popula- 
tions were made 16 days later. The results showed more than 200 
aphids (adults and instars) on each of Cayuga, Chief, Cuthbert, 
June, King, Latham, Marlboro, Newman, Preussen, Seneca, and 
Viking. No aphids were found on Herbert, Lloyd George, or New- 
burgh, and the population on Antwerp was small. The experiment 
was repeated by placing 25 aphids, second and third instars, on a 
caged plant of each of these four varieties. Counts of aphids made 
14 days later were as follows: Antwerp, 32; Herbert, 6; Lloyd George, 
0; and Newhurgh, 21. 

Since no aphids were found on the Lloyd George in the final count 
in each of the preceding experiments, a third test was conducted on 
this variety. Aphids were confined by means of ventilated cello- 
phane bags to the tips of succulent canes on six potted Lloyd George 
plants. A leaf harboring numerous aphids of all stages was placed 
on the tip of the cane in each bag. When examined 16 days later, the 
aphids in all bags were dead. 

During the growing season of 1937, the 15 varieties tested in 1936 
were retested. The results confirmed those obtained in 1936. The 
experiment also included 10 additional varieties. Amphorophora 
ruhi failed to maintain its population on three of these, namely, 
Indian Summer, Pyne Imperial, and Pyne Koyal. These three varie- 
ties were tested a second time, and again the aphids failed to maintain 
their populations. Aphids fed and reproduction took place on the 
other seven varieties: Katherine, Laxton Bountiful, Laxton Kenown, 
Marcy, Red Cross, Rote Riesen, and Taylor. Marcy showed some 
resistance in that the aphid population was low in comparison with 
that on the other varieties. 

Table 2 summarizes the results of experiments conducted in the 
greenhouse during 1936 and 1937 for aphid resistance in red raspberry 
varieties based on their relative susceptibility. 
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Table 2. — The reaction of 25 varieties of red raspberry to Amphorophora rubi under 
greenhouse conditions during 1926 and 1987 


Variety 

Suscep- 
tible 1 

Partly 
resist- 
ant 2 

Resist- 
ant 3 

Variety 

Suscep- 
tible 1 

Partly 
resist- 
ant 2 

Resist- 
ant 3 



(.) 


Marcy 


(*) 



(*) 1 


Marlboro-- 

(.) 


Chiftf 



Newburgh 

(*) 





Newman 

n 

C) 


TTArbAJ't 

(U 


Preussen 



Indian Summer-—- 


(*) 

Pyne Imperial 


(*) 

(*) 

TTimA 

(*) i 
(*) 

(*) ! 
(*) i 
(*) 1 



Pyne Royal 



Traf.hArinA 



Red Gross 

(*) 

(^) 

C) 

(*) 

(*) 


Xing 



Rote Riesen 



T.flthnTn 



Seneca. 



Laxton Bountiful—^ 
Laxton Renown...! 
Lloyd George 1 



Taylor— 

r 




Viking 




(*) 





1 The asterisk (*) indicates that the number of aphids was greater than 20 times the original number 
placed on the plant. 

2 The asterisk (*) indicates that the number of aphids was less than 5 times the original number placed on 
the plant. 

3 Aphids failed to reproduce and maintain a population. 

FIELD OBSERVATIONS 

• Aphid counts were made in the field plots, July 2, 1935, on the 11 
red raspberry varieties used in the first greenhouse experiment. The 
average number of aphids per cane was as follows: Antwerp, 11.5; 
Chief, 129.9; Cuthbert, 57.6; Herbert, 11; King, 66.5; Latham, 90.7; 
Lloyd George, 0; Marlboro, 69.6; Newburgh, 13.1, Newman, 86.3; 
and Viking, 87. 

Aphid counts were made on the same varieties on several dates in 
1936, as shown in table 3. 


Table 3, — Range ^ and average number of Amphorophora rubi on varieties of red rasp- 
berry in experimental plots j 1936 


Variety 

May 25 

June 9 

June 25 

July 7 

July 25 

AU£ 

^ 12 

Aug. 28 

Range 

Average 

Range 

Average 

Range 

Average 

Range 

Average 

Range 

Average 

Range 

Average 

Range 

Average 

Antwerp - 

0-2 

0.8 

1-8 

0.8 

0-2 

0.2 

0-1 

0.1 

0-5 

1.8 

0-26 

4.9 

0-8 

2.0 

Chief- 

2-42 

19.4 

9-43 

21.7 

8-104 

42.7 

13-82 

39.4 

23-108 

41,1 

16-64 

44.9 

6-55 

22.4 

Cuthbert 

0-2 

.5 

0-7 

2.6 

0-16 

5.0 

0-11 

5.0 

20-30 

10.8 

1-61 

16.0 

0-29 

10.0 

Herbert 





0-3 

.3 

0-10 

1,4 

2 0-6 

1.8 

0-6 

2.4 

0-6 

.9 

King 





9-46 

23,3 

0-32 

9.4 

0-29 

10.9 

3-36 

19.5 

0-7 

9 , 7 

.Latham 

0-28 

13.4 

1-33 

9.1 

2-27 

14.7 

6-28 

16.4 

24-49 

23.1 

3-54 

21. 9 

0-26 

6 . 2 

Lloyd George 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Marlboro 

0-8 

3-7 

0-18 

5.1 

1-9 

4.6 

4—21 

7,7 

4-42 

16.8 

1-13 

6.1 

0-4 

1.7 

Newburgh 





0-6 

2.0 

0-13 

4.7 

2 0-9 

4.6 

1-8 

5.1 

0-6 

1.8 

Newman. 

3-13 

6.1 

3-60 

16.6 

4-17 

10.1 

2-48 

14.7 

1-26 

12.5 

3-26 

10.9 

0-21 

5.9 

Viking 

1-29 

8.9 

0-20 

6.8 

0-39 

16.0 

2-24 

12.7 

3-83 

32.8 

10-89 

33.7 

1-63 

15.8 


1 The figures under range indicate the lowest and the highest aphid counts on individual canes. 

2 Count made July 23. 


^ No aphids were found feeding on the Lloyd George at any time dur- 
ing the season.^ Populations were generally low on Antwerp, Herbert, 
and Newburgh. ^ The highest population was found on Chief. In 
general, the aphid population was greatest during the latter part of 
July and the fore part of August. According to the counts, aphids 
were not as numerous at any time during 1936 as in 1935. 


ft An occasional winged individual was found on the Lloyd George, which probably landed there acciden- 
tally while in flivht- 
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Aphid counts ^ were made in commercial plantings of 36 different 
growers in the Puyallup Valley during July and early in August 1936. 
On the Cuthbert variety there was a great variation in aphid popula- 
tions in different plantings even though the counts were made on the 
same date. For instance, counts made_ July 30 ha one field showed an 
average of 36.7 aphids per cane, while in another field, located within 
a distance of one-half mile, there was an average of 4.1 aphids per cane. 
On Marlboro the aphid populations were small in the 12 plantings 
examined. An average of 4.4 aphids per cane was the heaviest 
infestation observed. Two Antwerp plantings were examined. One 
showed an average of two aphids per cane on July 8 and the other, 
examined July 28, showed none. On Lloyd George no aphids were 
observed in the six plantings examined. 

During the growing season of 1937, a systematic aphid count was 
made in the experimental plots on 25 varieties. They were examined 
at intervals of 2 weeks or oftener, beginning May 14 and continuing 
until August 17. The results of the counts are summarized in table 4. 

Table 4. — Relative resistance of red raspberry varieties to A7nphorophora rubi in 
experimental plots during 1937 


Variety 

Times 
examined i 

Suscepti- 
ble 1 

Partly 
resistant 2 

Resistant 2 


23 


C) 



12 

(*) 


OuthSert 

21 ^ 

C) 




23 

(*) 



10 


(*) 


5 

(*) 



5 

(*) 




10 

(*) 




17 

(*) 




5 

(*) 





(*) 


Laxton Reward - 

5 

(=^) 


Lloyd George - - 

26 


(*) 

ivfarf'-y 

11 


(*) 

Marlboro 

13 



Newburgh 

29 

' (*) 



NAwman 


i (*) 



PrAURRAn _ - 

5 

(*) 



Pyne Imperial 

5 


(*) 

Pyne P ^yai - - - 

5 



(*) 

(St Regis) Ranere 

12 

(*) 


Red Cross - - 

5 

n 


Rote Riesen 

10 

(*) 


Seneca - - -- 

12 

(*) 



Taylor _ _ _ 

10 

(*) 









1 The asterisk (*) indicates that the average number of aphids was more than 5 per cane on any 1 date- 

2 The asterisk (*) indicates that the average number of aphids was less than 5 per cane on any 1 date. 

3 Aphids absent. 


In the field counts on the 25 varieties shown in table 4, Amphoro- 
phora rubi was not found on 4 and only a few aphids were found on 5 
varieties. Seldom were more than three aphids found on any one 
cane of Antwerp at one time. Observations made in commercial 
plantings and experimental plots during 1935, 1936, and 1937 revealed 
that spread of mosaic was very slow in this variety, even in plantings 
where it was interplanted in the same row with mosaic Cuthbert 
plants. One count on Herbert, made August 2, showed an average 
of 5.5 aphids per cane in one of the plots. With few exceptions, the 
aphid populations on this variety were small. At times, Newburgh 
was found quite susceptible^ to aphid infestation in the field even 
though greenhouse experiments and some field examinations indicated 

7 xjnder a cooperative agreement with the State Department of Agriculture aphid counts were made by 

oneof itsmen while he was inspecting commercial fields for mosaic. At v 

-■ — TO; n,n average of 34.6 aphids per cane were counted on Newburgh, 
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it to be partly resistant. Newburgh is classified in table 4 as sus- 
ceptible in order to comply with the method of classincation used. 

RESISTANCE IN HYBRIDS 

GREENHOUSE EXPERIMENTS 

In 1936, greenhouse experiments with hybrids were limited to 50 
selections from various crosses, including the resistant Lloyd George 
and several susceptible varieties. The results indicated that 6 of the 
hybrids were resistant to Amphorophora ruhi, 13 partly resistant, and 
31 susceptible. Of the hybrids in which resistance was indicated, one 
parent was the Lloyd George variety. A few hybrids between two 
susceptible parents were all susceptible. 

In 1937, the 50 hybrids previously tested were retested, and in 
addition, all available inbred (self-pollinated) seedlings of Chief, Ciith- 
bert, Latham, Lloyd George, and Newman were tested to obtain 
information as to the genetic constitution of these varieties in relation 
to aphid resistance. Fifty hybrids selected at random from crosses of 
Lloyd George and Chief also were tested. Crosses between these 
varieties w^ere selected because of the marked aphid resistance in the 
Lloyd George and the marked aphid susceptibility in the Chief. 

A summar}^ of the results of the greenhouse experiments obtained in 
1936 and 1937 is presented in table 5. Aphid populations on the sus- 
ceptible seedlings ranged from 36 to more than 200 per cane tip. In a 
few cases, the aphid counts on plants of this group were less than 100, 
but in the majority of cases the counts exceeded 200. The relatively 
low counts on the partly resistant group contrasted sharply with the 
high aphid counts on the susceptible group. As the data of table 5 
indicate, all inbred seedlings of the susceptible varieties, Chief, Cuth- 
bert, Latham, and Newman showed definite susceptibility to Am- 
phorophora rubi. Sixteen inbred seedlings of the resistant Lloyd 
George exhibited marked differences in susceptibility, only four being 
completely resistant and two partly resistant. The results of the tests 
of hybrids show definitely that Lloyd George transmits resistance in 
hybridization with susceptible varieties. 


Table 5. — Summary of aphid-i'esistance studies with red raspberry seedlings in the 
greenhouse during 19S6 and 1937 


Seedlings 

tested 

(number) 

Parentage 

Suscepti- 
ble 1 

Partly re- 
sistant 2 

Resistant ^ 


Chief, self-pollinated 

5 



6_,. 

Cuthbert, self-pollinated 

6 



6-.... 

Latham, self-pollinated. i 

6 



16.. 

Lloyd George", self-pollinated i 

10 

2 

4 


Newman, self-pollinated i 

17 



17 ... 

Lloyd George, open-pollinated 


2 

8 

25............ 

Chief X Lloyd George 

16 

1 

8 

25...... 

Lloyd George X Chief. 

11 


14 

12......:.,.... 

Cuthbert X Lloyd George 

9 

3 

16............ 

Lloyd George X Cuthbert.... 

9 

■ 4 

3 

4-.... 

Latham X Lloyd George 

2 

1 ' 

1 

4 ! 

Lloyd George X Latham ... ; 

3 


1 

1 

King X Lloyd George 

1 


n.... ........ 

Llovd George X King. ... __ 


1 


2-.....,...,... 

Antwerp X Lloyd George... 

2 


2... 

Cuthbert X Latham.. . 

• 2 



2.. .... 

Latham X Cuthbert.. ._ ... 

' 2 ' 



1... ..... 

Cuthbert X Marlboro.... 

■ 1 \ 



1... ..... 

Marlboro X Cuthbert . 

1 








^ Average number of aphids more than 10 per cane tip. 

2 Average number of aphids less than 10 per cane tip. 

3 Anhlds all dead. 
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FIELD OBSERVATIONS 

Aphid counts were made in experimental plots only on those 
hybrids that had been selected for propagation because of superior 
fruit quality. All of these hybrids were included in the greenhouse 
investigations. The results of the field observations were in close 
agreement with those of the greenhouse experiments. Hybrids that 
harbored numerous aphids in the field showed susceptibility to 
aphids in the greenhouse and those that showed complete resistance 
in the greenhouse were consistently free of aphids in the field plots. 
Hybrids showing partial resistance in the greenhouse harbored few 
or no apliids in the field. 

DISCUSSION 

This investigation was undertaken to determine the practicability 
of attacking the red raspberry mosaic problem in western AYashington 
by plant-breeding methods. In combating the mosaic disease, a 
variety that resists attack by mosaic vectors, and thereby escapes 
infection, ^ will serve the same purpose as one that is resistant to the 
mosaic virus. The occurrence of resistance to Amphorophora ruhi 
in important varieties such as Lloyd George therefore enhances their 
horticultural value. The fact that resistance is transmitted in 
hybridization offers a practical means of solving the mosaic problem 
in districts where A. ruhi is the principal mosaic vector. 

Throughout the investigation, there was a consistent agreement 
between the results of field observations and the results of green- 
house experiments. For example, the data in table 3, for field condi- 
tions, indicate the same relative susceptibility of varieties as the data 
of table 1, for greenhouse experiments. 

It would be difficult to obtain an accurate comparison of varieties 
relative to aphid resistance by field observations alone, because of 
differences in aphid populations upon the same variety and rapid 
fluctuations caused by weather conditions. In comparison, green- 
house testing is more accurate because the aphids maintain steady 
populations and have an opportunity for maximum reproduction. 
Small aphid populations under greenhouse conditions should, there- 
fore, be more significant than small populations under field condi- 
tions. On the other hand, greenhouse conditions may magnify the 
susceptibility of some varieties and hybrids that are relatively 
resistant under field conditions. The observation of the host-vector 
relationship in the field, therefore, is important as a supplement to 
greenhouse experiments. 

The classification of varieties and hybrids into susceptible, partly 
resistant, and resistant groups is convenient for purposes of comparison 
but may not fully express the relative resistance of varieties except 
for those that are completely resistant. In the partly resistant group, 
Newburgh occasionally harbored larger numbers oi Amphoropliora 
ruhi (footnote 8) than Herbert and Antwerp under similar conditions. 
Likewise, in the susceptible group, some varieties appeared to be more 
satisfactory than others as hosts for A. ruhi. This suggests that a 
more detailed study of susceptibility might either indicate a more 
accurate grouping or eliminate grouping and show a gradation from 
complete resistance to high susceptibility. The experiments with 
hybrids do not clarify the situation. Aphid counts on 25 hybrids of 
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the cross Lloyd George X Chief (table 5) indicated only two classes. 
In other crosses, a wider variation in aphid populations was observed. 

The results obtained in testing varieties and seedlings show that a 
variety may be completely resistant to Amphorophora rubi without 
being "homozygous for resistance. Lloyd George is heterozygous 
because it transmits resistance to only a portion of its inbred and 
hj'brid seedlings. 

Although the number of seedlings tested was relatively small, it 
appears reasonably certain that Chief, Cuthbert,^ Latham, and New- 
man are homozygous for susceptibility. It remains to be determined 
whether any existing varieties are homozygous for resistance 
and whether homozygous resistant hybrids can be produced by 
hybridization. 

SUMMARY 

An investigation was undertaken during 1935, 1936, and 1937, to 
determine the resistance of named varieties and hybrids of red rasp- 
berry to the mosaic vector Amphorophora rubi Kalt. The study 
revealed that varieties of red raspberry possess various degrees of 
resistance to A. rubi in western Washington. 

In the greenhouse A, rubi failed to reproduce and maintain its popu- 
lation on the varieties Indian Summer, Lloyd George, Pyne Imperial, 
and Pyne Royal. Reproduction was slow and the population re- 
mained small on the varieties Antwerp, Herbert, Marcy, and New- 
burgh. Aphids fed and reproduced abundantly on 19 varieties; 
namely, Cayuga, Chief, Cuthbert, June, Katherine, King, Latham, 
Laxton Bountiful, Laxton Renown, Laxton Reward, Marlboro, New- 
man, Preussen, Ranere (St. Regis), Red Cross, Rote Riesen, Seneca, 
Taylor, and Viking. 

In experimental plots and commercial plantings A. rubi was found 
not to feed on those varieties that showed resistance to the aphid in 
the greenhouse. Populations were small on those showing partial 
resistance and comparatively large on the susceptible varieties. 

Greenhouse experiments and field observations with red raspberry 
seedlings showed resistance to A. rubi to be inherited and transmitted 
when a resistant variety was crossed with a susceptible one. The 
variety Lloyd George was found to be heterozygous for resistance. 

Greenhouse testing is a convenient and rapid method for determining 
the relative resistance of varieties and hybrids of red raspberry to 
A, rubi: 
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THE CAROTENE CONTENT OF MARKET HAYS AND 
CORN SILAGE 1 


By Herbekt G. Wiseman, assistant chemistj Edward A. Kane, assistant chemist^ 
Leo a. Shinn, assistant chemist^ and C. A. Cary, senior chemist, Division of 
Nutrition and Physiology, Bureau of Dairy Industry, United States Department 
of Agricidture ^ 

INTRODUCTION 


The importance of vitamin A in cattle rations has been recognized 
for several years; and as more definite knowledge has accumulated 
regarding the quantity of vitamin A required by dairy cattle, more 
exact information about the vitamin A potency^ of farm feeds has 
become desirable and usable in feeding these animals. Although a 
number of conditions besides the quantity of vitamin A or its pre- 
cursors may affect the vitamin A potency of a feed, the determination 
of the quantity of its precursors in feeds of plant origin is, at the pres- 
ent time, by far the best available measure of their vitamin A value. 

In connection with the work done in the laboratory of the Division 
of Nutrition and Physiology at Beltsville, Md., to determine the 
vitamin A requirements of cattle, all the market hays that have been 
fed and many samples of the corn silage fed, have been analyzed for 
carotene. In addition, the hays have been graded by representatives 
of the Division of Hay, Feed, and Seed of the Bureau of Agricultural 
Economics. 

There have thus been collected considerable data on the carotene 
content of the various market grades of hay — particularly of alfalfa 
and timothy hays — and the relation between certain physical char- 
acteristics of these hays and their carotene content, which might be of 
use in determining to what extent hays of suitable vitamin A potency 
may be selected by ordinary inspection or grading. 

In analyzing the samples of corn silage, it was early noted that corn 
silages differ greatly in their vitamin A value and that wdiile some are a 
rich source of vitamin A others contain too little to 'be used as the 
principal source of vitamin A in cattle rations. Work was therefore 
done to determine some of the conditions that influence the vitamin A 
value of corn silage. 

The routine analytical methods that have been used in the Beltsville 
laboratory, and also in other laboratories, for the determination of 
carotene in cattle feeds have depended upon some modification of the 
well-known Wills tat ter and Stoll procedure for separating chlorophyll 
and xanthophyll from carotene. More information is needed regard- 
ing the accuracy of these methods when applied to hays and silages, 


1 Received for publication March 17, 1938; issued November 1938. x t u 
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and possibly also when they are used in analyzing the freshly cut 
green plant. Considerable work has also been done in various labora- 
tories by using modifications of the Willstatter and Stoll procedure to 
separate the cholorophyll and xanthophyll from the carotene, and it 
seemed desirable to know to what extent the results from these differ- 
ent laboratories are actually comparable. 

In this paper, the writers (1) describe the procedure used at present 
in the Beltsville laboratory to determine the carotene content of cattle 
feeds; (2) consider the results they have obtained on the accuracy of 
this procedure and the comparability of such methods when applied to 
hays and corn silage; and (3) present the data they have obtained on 
the carotene content of market hays and corn silage, together with a 
consideration of the practical usefulness of these results in feeding dairy 
cattle. These topics are taken up practically in the order mentioned; 
but, before proceeding with this outline, the writers discuss briefly 
some of the more closely related investigations that have led up to 
some phases of the work reported on in this paper. No attempt is 
made, however, to review all the literature on the vitamin A value of 
roughages, much of which is doubtless familiar to most workers who 
are interested in the subject. 

REVIEW OF PREVIOUS, RELATED INVESTIGATIONS 

It has been 3(} years since work was begun in Wisconsin on cattle 
that were observed to be suffering from symptoms that are now known 
to result {10, 25),^ in part at least, from a deficiency of vitamin A in 
the ration. This factor had not been distinguished as a separate 
dietary essential ; and a long period intervened before cod-liver oil was 
found to ameliorate these symptoms in cattle {10), and before it was 
shown that for the normal nutrition of calves the diet must contain 
some source of vitamin A {14). It is now well known {2, 3, 11, 27, 28, 
29) that vitamin A or its precursors may be so deficient in ordinary 
cattle rations as to lead to disaster in reproduction, to difficulty in 
rearing the young, or to a deficiency of vitamin A in the milk. Also, 
several laboratories {9, 29, 32) have reported work on the quantity of 
vitamin A required by cattle to bring about certain physiological 
responses. 

Formerly, alfalfa hay was generally regarded as an excellent source 
of vitamin A; but Meigs and Converse {27, 28, 29) found that the 
failure in reproduction — as well as the deficiency of vitamin A in the 
milk— which they observed when the cows were fed a poor quality of 
alfalfa hay continuously as the main source of vitamin A, was due 
to the low vitamin A value of the ration they were feeding. They 
also encountered similar results when the poorer grades of timothy 
hay were similarly fed. 

Previous work in the Beltsville laboratory {12) with rats had shown 
that the carotene in alfalfa hay accounts completely for its vitamin A 
potency. Under suitable conditions, all the known precursors of 
vitamin A in plant materials occur in the carotene fraction, when 
analytical methods based on the V^illstatter and Stoll procedure are 
used for the separation of the plant pigments. So little of these 
precursors of vitamin A exist in the grains used in dairy rations that, 
even with a liberal amount of yellow corn in the ration, a cow usually 
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must depend on the roughages in the ration for well over 90 percent 
of her vitamin A requirements. 

Beta-carotene is by far the most important precursor of vitamin A in 
hays and corn silage. It appears to be practically the only one in 
alfalfa (^f) ^^nd the grasses (IS, ^2, 31), Little is known regarding 
the relative quantities of this pigment that cattle assimilate from 
various plant sources and dietary mixtures. Evidence has been 
presented to show that soybeans, for instance, may possibly affect the 
utilization of carotene in the ration, at least insofar as the effect of 
this pigment upon the vitamin A content of butter is concerned {13), 
Nevertheless, it appears that the quantity of beta-carotene in hays 
and corn silage is by far the best available measure of the relative 
value of these feeds as a source of vitamin A. 

The other known precursors of vitamin A in plant materials are 
much less efficiently utilized ^ than beta-carotene (d, 21 ) ; and the 
amounts in which they occur in most cattle feeds are relatively negli- 
gible. The carrot is a notable exception, the carotene from its root 
being a mixture of about 10 to 20 percent of alpha-carotene, traces 
of gamma-carotene, and 80 to 90 percent of beta-carotene {15, 22, 41) • 
Although cryptoxanthine is said to account for most of the vitamin A 
potency of the yellow corn kernel, the proportion of the vitamin A 
in cattle rations that is due to this pigment is quite small. The pro- 
portion of the vitamin A potency of corn silage that is due to the 
cryptoxanthine in the corn kernel is also negligible. 

The accuracy of the determination of the vitamin A potency of 
alfalfa or timothy hay or of corn silage depends, therefore, upon the 
accuracy with which the quantity of beta-carotene in these feeds can 
be estimated. In most of the analyses at hand, it has been assumed 
not only that practically all of this pigment in these feeds occurs in 
the final carotene fraction that is used to estimate it either colori- 
metrically or spectrophotometrically, but also that no other pigment 
that would affect these measurements is present in this carotene 
fraction. This latter assumption may be very nearly true for such 
freshly cut, green plant materials as the grasses and alfalfa {46); 
but carotene fractions from a sample of alfalfa hay that were tested 
biologically for vitamin A potency in the Belts ville laboratory were 
found to be somewhat less active than the amounts of beta-carotene 
estimated on the basis of this assumption to be present in them. 
The difference in the growth of the rats used in this experiment, 
however, amounted to only about 20 percent {12). 

Further, it is known that in plants cut for hay, there is a very rapid 
destruction of the carotene during the curing process {36, 37), and that 
this destruction continues, although at a somewhat slower pace, 
during subsequent storage {8, 46)- Intermediate colored decomposi- 
tion products are known to be formed in the oxidation of carotene 
{18, 26 ) ; and, according to Kuhn and Brockmann (fS), not all of such 
products are readily removed from the carotenes by methods of 
analysis based on the Willstatter and Stoll procedure for the removal 
of the chlorophylls and xanthophylls. One might therefore suspect 
the presence of such pigmented impurities in the hays even if they 
did not occur in the freshly cut plant materials. 

It is further known that the carotenes to some extent, but more 
especially the xanthophylls, are attacked by acids. Kuhn (15) and 
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his collaborators found that the xanthophylls thus yield colored de- 
composition products that may also contaminate carotene fractions 
prepared by the Willstatter and Stoll procedure {18, 23). It seems, 
therefore, that the possibility of the occurrence of such xanthophyll 
decomposition products in the carotene fractions, especially from the 
silages, should also be considered. ' 

Several biologically active oxidation products of carotene have been 
’ prepared (4, 19, 20); but the only naturally occurring products of 

this sort that have been tested biologically for vitamin A activity, 
apparently, are those that have been tested in the Beltsville labora- " 
tory, and "these have been found to be inactive. 

Kuhn and Brockmann (18) describe adsorption methods for the 
separation of carotene from its colored oxidation products and from 
the products formed from xanthophyll by the action of acids. No 
evidence is presented by these workers, however, to show that the 
carotene itself may not be altered in the procedure. 

ANALYTICAL PROCEDURE FOR THE DETERMINATION OF 
CAROTENE IN FARM FEEDS 

DESCRIPTION OF ROUTINE ANALYTICAL METHODS 

Two analytical methods (A and B) have been used for the routiiie 
de termination of carotene in the work reported in this paper. They 
difler only in the way the samples of feed were^ ground and the caro- 
i tene extracted from them. Method B is described here as it is used 

^ in analyzing hays and such succulent materials as the silages and the 

freshly cut plant. Both methods A and B, like inost methods in 
practical use, depend upon a modification of the Willstatter and Stoll 
procedure for separating the carotene from the other plant pigments. 

Method A 

Method A is usable with materials that may be ground readily and 
completely in a Wiley mill. It is particularly useful with hays. 

With baled hays the bales are bored repeatedly with a 2-inch drill. 

. The drillings are ground through the medium sieve (1-mm holes) and 

I then through the finest sieve (0.5-mm holes) in a Wiley mill. Aliquot § 

samples are taken for analysis. Absolute ethanol, 15 ml for a 6-g 
sample, is added; and, after standing 1 hour or more (overnight), tlie 
mixtures are extracted six times or more by shaking for 15 minutes 
with low-boiling (30° to 60° C.) petroleum ether (20-ml portions for a- 
6-g sample). A sintered glass funnel is used in removing the extract, 

: The combined extract is concentrated in vacuo to 75 to 100 ml; 20 mi 

of water is added ; and after the solution is shaken and mixed by swirl- 
ing gently, the alcohol-water layer is discarded. The chlorophyll and 
about 95 percent of the xanthophyll are removed from the carotene by 
two treatments of the ligroin fraction with a saturated potassium hy- 
droxide-methanol (10 ml each time) solution. The mixture is shaken 
15 minutes during each treatment; the alcoholic layer is then diluted 
with 1 ml of water, the shaking continued for 2 to 5 minutes more, 
and the diluted alcoholic potash layer is discarded. The petroleum 
ether fraction is then washed free of xanthophyll by shaking it for 2 
minutes repeatedly with 25-ml portions of methanol, 92 percent by 
volume. The methanol used in the final washing should be colorless. 
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The carotene fraction is then concentrated in vacuo and brought to 
volume with a 1:1 mixture of ethanol and higher boiling (about 90° C.) 
petroleum ether. The ethanol retards the oxidation of the carotene. 

Method B 

Method B is suitable for the determination of carotene in all sorts of 
material; but it has been found especially useful with dry materials 
that are difficult to grind satisfactorily in a Wiley mill, and for 
succulent substances such as the freshly cut plant, silages, etc. In 
this method the sample is ground to a fine powder while immersed in 
concentrated ethanol (approximately 98 percent by volume after 
allowance is made for the moisture from the sample). 

Dry materials are first ground through the medium sieve (1-mm 
holes) in a Wiley mill, and then with alcohol in the ball mill. 

The corn plant, when analyzed, is first put through a meat grinder 
and the ground material is collected directly in absolute ethanol. 
This mixture is allowed to stand overnight in an ice box ; the aqueous- 
alcohol fraction is then removed and the residue ground in a fresh lot 
of absolute ethanol in the ball mill. The silages were formerly 
handled in the same way as the freshly cut corn plant; but later it 
was found that corn silage need not be ground in a meat grinder 
before it is immersed in the alcohol. 

With freshly cut plant materials such as grasses, alfalfa, etc., 
absolute ethanol is taken into the field and cooled with solid carbon 
dioxide to between —60° and —TO® C. The sample when cut is 
immediately frozen in this mixture and the brittle material broken 
up with a pestle. After standing overnight in an ice box, the sample 
is handled in the same way as the silages. 

With succulent materials enough alcohol is used in the prelim- 
inary alcoholic treatments to give an alcohol-water mixture con- 
taining close to 90 percent or more of alcohol. Tliis alcohol-water 
mixture is poured off quite completely; a Buchner funnel is used, if 
necessary, to recover the residue. The second alcoholic extract, which 
contains almost all the carotene, may be filtered onto a Buchner 
funnel, the residue being washed thoroughly with additional alcohol; 
or the residue simply may be allowed to settle out, the water from the 
original sample being allowed for in calculating the total volume of 
this extract. 

The two alcoholic extracts obtained in these extractions are ali- 
quoted separately and the aliquots combined. Water is added to 
reduce the alcoholic concentration to 85 percent; the carqtene^ is 
extracted out of this diluted alcoholic solution by shaking twice with 
the low-boiling petroleum ether; and the combined carotene extract is 
then saponified, washed with 92-percent methanol and brought to 
volume as in method A. 

In the ball mill; 1,600 ml of absolute ethanol have been used with 
100-g samples of the hays or freshly cut grasses or freshly cut alfalfa 
and with 300-g samples of corn silage or of the fresMy cut corn plant. 
In the preliminary alcoholic treatments, with the samples from the 
corn plant and corn silage 3 liters of absolute ethanol were used and 1 
liter with the grasses and freshly cut alfalfa. All of the petroleum 
ether used in this work was treated with concentrated sulphuric acid, 
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waslied with water, and then treated with potassium permanganate 
to remove peroxides. 

All the samples reported in this paper have been read with a spec- 
trophotometer — many at wave length 436 m /x. The carotene has been 

calculated on the basis of ^ = 0.195 at wave length 436 ni/x. 

Frequently the samples have also been read at other wave lengths to 
obtain light on the character of the pigmented material in them. A 
colorimeter equipped with a mercury light and a light filter that trans- 
mits the 436 or 436 and 405 bands of light, when used with a potassium 
dichromate standard, gives relative results that are practically identi- 
cal vdtli those obtained with the spectrophotometer at wave length 
436 m/x. The photoelectric machine described by Brice (1) has also 
been found to be very satisfactory when adequately calibrated and used 
vdtli a light filter. The Corning Glass Works filter No. 556 has been 
lised.'^ ^ 

LOSS OF CAROTENE IN THE GRINDING AND EXTRACTION OP HAYS FOR CAROTENE 

ANALYSIS 

Previous work in the Beltsville laboratory (!£) has shown that 
when finely pulverized hay is extracted by method A, no bio- 
logically detectable amount of carotene is destroyed, and only a 
trace of vitamin A potency remains in the extracted residue. In that 
experiment this trace unquestionably amounted to only a small frac- 
tion of 10 percent of the total carotene originally in the powdered hay. 
The data in table 1 indicate further that it is unlikely that any con- 
siderable loss of carotene occurs during the grinding of a hay to a fine 
powder while it is immersed in alcohol in a ball mill as in method B. 
The results that are summarized in table 2 show, also, that the extrac- 
tion of carotene from hays by method B is practically as complete as 
by method A, and that the method of grinding used in method A, is, 
therefore, very nearly as satisfactory as that in method B. 


Table 1. — Effect of the duration of grinding hay samples ^ while immersed in alcohol 
in a hall mill, on the carotene found 


Alfalfa hay sample No.’ 

Carotene per kilogram found 'when haj^ sample wms ground 
for— 

2 hours 

3 hours 

4 hours 

5 hours 

17 hours 


Milligrams 

53.9 

Milligrams 

53.9 

Milligrams 

54.3 

Milligrams 

54.3 

Milligrams 

53.4 



2 .„. 1 

81.0 

79.0 

79.6 





^ The spectral absorptive properties of the different aliquots of each sample of hay were the same regardless 
of the length of time of grinding. 


4 The samples were read visually on a Bausch & Lomb Universal spectrophotometer in the color labora- 
tory of the Bureau of Chemistry and Soils at Arlington, Va. Many of the samples were read at 
Beltsville by either the colorimetric or the photoelectric procedure, described here, before and after 
they were read at Arlington. There was no apparent loss of carotene in taking the samples to Arlington. 
Ten or more readings were made at each wave length of light used in this wmrk, the cups being switched. 

s Some modifications in procedure have been made from time to time, but none of these has affected ma- 
terially the results included in this paper. 
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Table 2 . — Comparison of results for ca^'otene as obtained by methods A and B 


Samples of hay analyzed 
(number) 

Method of analysis 

i 

Average 
carotene 
content per 
kilogram 

Average of 4 samples 

Average of 9 samples 

Average of 6 samples. 

Method B 

MilHgrams 

28.8 

29.6 

17.2 

17.4 

15.5 
16.1 

■ Method B, with subsequent extraction of the powdered residue i 
with ligroin as in method A. 

Method A - - 

■ Method A, with subsequent extraction of the powdered residue 
with ligroin as in method A. 

/Method A - 

(Method B 



Efforts to obtain additional carotene from hay residues, after they 
have been ground and the carotene has been extracted according to 
method A, by treating them again with alcohol and by repeated extrac- 
tions with ligroin have yielded further traces of pigment which at 
times may have been equivalent to as much as 3 or 4 percent of the 
total amount of carotene found in the hay. This small amount of 
carotene has been disregarded in the results presented in this paper. 

The results cited in tables 1 and 2 favor the conclusion that very 
little, if any, destruction of carotene occurs in the grinding and extrac- 
tion procedure by either method and that only a negligible amount of 
this pigment remains in the hay residues after extraction. 

When method B is used to determine the amount of carotene in 
silages and succulent plant materials, the extraction of this pigment 
is undoubtedly as complete as with the hays, as the final conditions 
under which the extraction is carried out are the same. Further, in 
the analysis of freshly cut plant materials which are immediately im- 
mersed in alcohol at —60° to —70° C., the destruction of carotene 
must certainly be very small. Even when the sample is not immedi- 
ately frozen in alcohol but is simply ground through a meat grinder, 
collected in the alcohol at room temperature, and analyzed as de- 
scribed in method B, the loss of carotene is still negligible. For 
example, when three lots of freshly cut, green alfalfa were analyzed 
by these two methods, the average carotene content per kilogram of 
dry weight was 239 and 214 mg, respectively. It would appear, there- 
fore, that insofar as the grinding and extraction procedure is con- 
cerned, method B is as satisfactory for determining the carotene 
content of freshly cut plant materials and silages as it is for hays. 

LOSS OF CAROTENE IN THE SAPONIFICATION OF THE CHLOROPHYLL AND IN THE 
SUBSEQUENT WASHING OF THE LIGROIN SOLUTION WITH METHANOL, AND THE 
COMPLETENESS OF REMOVAL OJF THE XANTHOPHYLL AND CHLOROPHYLL 

The data in table 3 show that when a solution of pure beta-carotene 
in low-boiling ligroin is treated with a saturated solution of potassium 
hydroxide in methanol to remove the chlorophyll, as described in 
method A, the loss of carotene in the two saponifications that are 
necessary for this purpose is less than 1 percent. There was no evi- 
dence that the carotene was altered chemically by these treatments. 
Along with the chlorophyll, about 93 percent of the xanthophyll was 
also separated from the carotene. 
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Tablb 3. — The loss of heta-carotene and the removal of leaf xanthophyll from the 
carotene when solutions of these pigments in low-hoiling petroleum ether are treated 
with a saturated solution of potassium hydroxide in methanol for the removal of 
chlorophyll from carotene as described in method A 


Pigment originally in 
ligroin solution 

Quantity j 
initially i 
present j 

Initial 

volume 

Saponifica- 
tion treat- 
ments 

Dilution of 
alcohol 
before 
separation 

Quantity 
finally in 
petroleum 
ether layer 

Bemoved 

from 

petroleum 
ether layer 

Beta-carotene 

Micrograms 

63.15 

1, 280. 00 

MUliliters 

150 

3 100 

Number 1 
28 

2 

Percent 
r 92 

1 90 

/ 92 

1 92 

Micrograms 
63. 10 
62. 18 

84.00 

78. 00 

Percent 

0.1 

1.5 

93.4 

93.9 

Xanthophyll 



^ The volume was made to 50 ml at the beginning of each saponification. 

2 The spectral absorption of the initial and final carotene solutions was determined at wave lengths 430 
mju, 450 m/z, and 480 m/z. The relation between the absorptions at these wave lengths was not changed 
as a result of these 8 saponificatlons. 

3 These solutions were saturated. The leaf xanthophyll that was used melted at 177° to 178° C. (un- 
eorrected). 


The results in table 4, with leaf xanthophyll in low-boiling ligroin, 
indicate that over 99 percent of it is removed from this solution b}’' 
five washings with 92-percent methanol as described in method K. 
The trace of pigment that appeared to remain in the petroleum 
ether — possibly about 0.5 microgram per milliliter ® — was not 
removed by further washing. The quantity of xanthophyll in these 
samples was approximately four times as much as could be present 
in a carotene analysis after removal of the chlorophyll as described 
above. The results show a more complete extraction of the xan- 
thophyll by the 92-percent methanol than was observed by Miller {30). 


Table i.—ComjAeteness of removal of xanthophyll from its solution in low-hoiling 
petroleum ether by mashing this solution with 92-percent methanol as described in 
method B ^ 


Sample No. 

Xantho- 
phyll ini- 
tially in 
sample 

Volume of petroleum i 
ether layer 

Wash- 
ings 1 

Xantho- 
phyll fi- 
nally in 
petroleum 
ether solu- 
tion 

Xantho- 
phyll con- 
centration 
per milli- 
liter in fi- 
nal volume 1 

Xan- 

tho- 

phyll 

re- 

moved 

Initial 

Final 

1 

Micrograms 
i 360 

360 

Milliliters 
f 75 

1 75 

/ 75 

1 75 

Milliliters 

58 

54 

54 

49 

1 

Number 

5 

6 

5 

i 6 

Micrograms 

3.0 

i 3.1 

I. 2.7 

■2. 5 

Micrograms 

0.05 

.06 

.05 

.05 

Percent 

99.2 

99.1 

99.2 

99.3 

2 



1 The final extract was colorless in all cases. 


The data in table 5 show the amount of pure carotene that may 
be lost from^ the ligroin phase as a result of washing its solution in 
low-boiling ligroin with diluted methanol to remove the xanthophyll. 
The loss with 90-percent naethanol and 10 washings or with 92-perGent 
methanol and 5 or 6 washings, is slightly over T percent. 

® This was estimated photoelectrically from a very slight absorption of light by this solution. 
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Table 5 . — Loss of heta-carotene as a result of washing its solution in low-'boiling 
ligroin with diluted methanol for the removal of the xanthophyll as described in 
method A 


Sample No. 


K-1, 1-S. 
K-2, I-S. 
W-L I-S 
W-2 and 
W-4 and 
W-6 and 


3 

5 

7 


W-8 and 9 . 


layer 


Kind 1 


Beta-carotene 

do 

do 

do 

do 

do 

/— _do 

\Leaf xanthophylL 


in ligroin 

Initial 



Con- 
centra- 
tion of 
meth- 
anol 

Pigment 
calcu- 
lated as 
carotene 
left in 
ligroin 
layer 

Recovery 
of caro- 
tene, 

Quantity 

volume 
of ligroin 
layer 

Wash- 

ings 

pera- 

ture 

based on 
carotene 
in origi- 
nal solu- 
tion 

Micro- 

grams 

Milli- 

liters 

Number 

°C. 

Percent 

Micro- 

grams 

Percent 

52.50 

25 

2 10 


92 

3 51. 30 

3 97. 7 

52. 50 

25 

2 10 


90 

3 52. 00 

3 99.0 

63. 15 

<50 

2 10 


90 

62. 38 

98.8 

575.00 

100 

5 

28 

92 

572. 50 

99.6 

575. 00 

100 

5 

15-17 

92 

568. 00 

98.8 

531.00 

100 

6 


92 

522.00 

98.3 

531. 00 
1,045. 00 

} 100 

6 


92 

527. 00 

«99.2 


1 The melting point of the leaf xanthophyll was 177® to 178° C. (uncorrected) . The beta-carotene extracts 
in the 1-S samples were fractions of the second international standard carotene. 

2 The initial and final solutions were read spectrophotometrieally (visual method) at wave length 450 m/£, 
480 m/i, and at either 430 m/t or 436 mju. There was no evidence of any change in the character of the pigment 
as a result of these washings. 

3 There was some mechanical loss with this sample. The loss W’as larger with K-1 than with K-2, but 
an examination of the methanol layer by driving the ligroin dissolved in it out of solution by the addition 
of water showed some color in this layer in the case of the 92-percent methanol. 

* This sample was made to 50 ml before each extraction. 

s The final volume of the ligroin solution was 80 ml with each sample. If the concentration of the xantho- 
phyll left in the ligroin phase is the same as shown in table 3, the unextracted xanthophyll would be 4-f- jug, 
and the recovery of the carotene corrected for this xanthophyll would be 98.5 percent. 


The results in table 6 indicate the extent of the loss of the carotene 
that may occur in the routine analysis of alfalfa hay when the pro- 
cedure described in method A is used to remove the clilorophyll and 
xanthophyll. The loss in washing with 92-percent methanol is not 
detectably greater than it was with pure beta-carotene itself; but in 
saponifying to remove the chlorophyll this loss is apparently some- 
what greater — being about 2 percent for two treatments of this 
nature. In another effort to get at the magnitude of these losses the 
final carotene fraction from a sample of hay was divided into two 
aliquots. One was saponified four additional times as described in 
method A and then washed seven additional times with 92-percent 
methanol. The decrease in absorption that could be attributed to 
a loss of carotene was between 1.5 and 3.4 percent; and, as will be 
shown presently, these ^ ^carotene” fractions from hays and silages 
contain pigments other than carotene that may account for a con- 
siderable portion of this loss. 


Table 6. — Loss of carotene from alfafa hay in separating the carotene from chlorophyll 

and xanthophyll 


Aliquots No.i 

Saponifica- 

tions 

Washings 
with 92- 
percent 
methanol 

Carotene 
found per 
gram of 
sample 

Additional 
loss as com- 
pared do 
aliquots 

1 and 2 

1 and 2 

Number 

4 

Number 
\ 4 

Micrograms 

22.8 

Percent 

3 and 4 : 

8 

i ■' A 

21. 9 

3, 9 

5 and, 6.——,- 

4 

8 

22.7 

•4 


^ 1 bay sample was ground and extracted, and aliquots of the extract were analyzed as indicated in the 
table. ' 
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After a ligroin solution of clilorophyll was saponified and then 
washed with methanol as decribed in method A, no visible color 
remained in the ligroin phase. Apparently this procedure completely 
removes the chlorophyll. 

To sum up, the methods described above for the determination of 
carotene in feeds may fail to extract a small amount of the carotene 
(at most 3 or 4 percent); and an additional loss of possibly 2 or 3 
percent ordinarily may occur in separating it from the chlorophyll 
and xanthophylL' The greater part of these losses of carotene may be 
avoided by re-extraction of the feeds and by extracting back in case 
of the saponifications and of the washings with 92-percent methanol. 
These losses have been disregarded in the data presented herein. 

PIGMENTED IMPURITIES IN CAROTENE FRACTION FROM HAYS AND CORN SILAGE 
AFTER SAPONIFICATION AND SUBSEQUENT WASHING OF THE LIGROIN SOLUTION 
WITH METHANOL 

The largest error in the estimation of the carotene in hays and corn 
silage by anahvtical methods in which the separation of the pigments 
is carried out solely by saponification, and subsequent washing of the 
ligroin solution of the carotene with 90- or 92-percent methanol, is 
apparently associated with the occurrence of colored impurities in the 
final carotene fraction that is used in the colorimetric or spectrophoto- 
metric measurements. The presence of such pigments is indicated by 
the biological activity of these carotene fractions, by their spectral 
absorption, and by their behavior when filtered through absorption 
columns. This evidence will be considered here. 

The work of Hartman and associates {12) shows that when carotene 
extracts, prepared from pulverized alfalfa hay according to method A, 
are fed to rats that have been depleted of vitamen A, the resulting rate 
of growth is about 20 percent less than when the rats are fed doses of 
beta-carotene that were equivalent to the extracts in adsorption at 
wave length 436 m^u. 

The data in tables 7 and 8 permit a comparison at certain wave 
lengths of the spectral absorption of various feeding materials with 
that of the alpha- and beta-carotene and leaf xanthophylL 

Table 7. —Relative spectral absorption of xanthophylL^ alpha-, and beta-carotene at 
various wave lengths of light expressed in percentage of the absorption at wave 
length 450 m}i 


Relative spectral absorption at wave lengths of— 



430 mu 

1 

436 mu 

440 m/i 

450 mu 

1 

460 m/i : 

470 m/i 

480 m/i 

Beta-carotene ^ - 

Alpha-carotene 2 

Leaf zanthophy 11 3 

Second internation standard carotene ^ 

Percent 

72.0 

70.8 

73.9 
72.3 

Percent 

77.0 

83.0 
86.6 

Percent 
81.9 j 
92.5 
98.1 

Percent 

100 

100 

100 

100 

Percent 

92.2 

77.8 

79.0 

93.1 

Percent 

83.7 
88.0 
91.2 

82.7 

Percent 
89.4 
88. 9 
81.8 
®87.3 


1 Data are averages calculated from charts by Miller (SI), Smith ( 4 O), and McNicholas (26). 

3 Data are averages calculated from charts by Miller (31)^ and Smith (40). 

^ Data are averages calculated from charts by Milled (31), and McNicholas (26 ) . 

< Data were determined by the laboratory of the Bureau of Dairy Industry, by using spectrophotometer 
at color laboratory of Bureau of Chemistry and Soils. 

5 This low reading appears to be due to an error in the wave-length reading at 480 m^t, as results in accord 
with this assumption were obtained with color glasses standardized at the National Bureau of Standards, 
Washington, D. C. 
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Table 8. — Relative spectral absorption of carotene extracts from various cattle feedsj 
expressed in percentage of the absorption at wave length 4SO mpL 


Cattle feeds, from which carotene extracts were 
prepared 1 

Lots aver 
aged 

Spectral absorption at w'ave length 
of— 

430 mu 

450 mfi 

480 mjx 


Number 

Percent 

Percent 

Percent 

Second international standard carotene 


72.3 

100 

87. 3 
87.4 
87.7 



73. 1 

100 

Artificially dried alfalfa meal 

Alfalfa hay: 

3 

73.fi 

100 

V. S. No. 1 - - 

12 

77.1 

100 

85. 5 

U. S. No. 3 - — 

Timothy hay: 

4 

79.8 

100 

82.2 

XJ, S.No. 1 - 1 

6 

78.5 

100 

84.7 

U. S. No. 3 

12 

S3. 1 

100 

83.0 

Corn plant chopped for ensiling 


73.8 

100 ! 

84. 5 

Corn silage - - 

12 

80,2 

iOO i 

84. 0 


! Extracts prepared aceordiug to methods A and B described in the text. The hays were graded bv 
representatives of the Bureau of Agricultural Economics. 

If one allows for the variations that may result in such data from 
the use of different machines, different methods of reading, etc., it is 
obvious that the data for the carotene extracts fx'om the freshly cut 
alfalfa and artificially dried alfalfa leaf meals resemble those for beta- 
carotene as nearly as can be expected; but that with the extracts from 
the hays and corn silage this is not true. With these extracts the rela- 
tive absorption, as expressed in tables 7 and 8, is too high at wave 
length 430 mp and too low at 480 m/x to correspond with either alpha- 
or beta-carotene and is not of a nature to be accounted for by assuming 
the presence of unremoved xanthophyll in the carotene. The dis- 
crepancy between the absorption of these extracts and that of the 
pure pigments is greater with extracts from the poorer quality hays. 

The data in tables 9 and 10 show the results obtained when the 
carotene extracts from the hays and corn silage are filtered through 
adsorption columns. 

Table 9. — Effect of filtering the carotene extracts^ prepared from hays and corn silage^ 
according to methods A and B, through adsorption columns prepared from mag- 
nesium oxide 


Sample of feed analyzed 


Alfalfa hay, lot 85, U. S. 
No. 1 


Alfalfa hay, lot 87, V. S. No. 3_ 

Timothy hay, lot 73, U. S. 
No. 1. — 


Timothy hay, lot 79 U. S. 
No. 3 — 


Corn silage. 


Wave 
length 
of light 


Millimi- 
crons 
( 430 

450 
I 480 
( 430 

450 
[ 480 

430 
450 
480 
430 
450 
480 
430 
450 
480 


Carotene e,xtract 
not filtered 
through adsorp- 
tion column 


Spectral 
absorp- 
tion 
ratio 1 


Percent 

75.9 

100.0 

85.2 
79.7 

100.0 

85.1 

75.3 
100.0 

84.6 

79.6 
100.0 

83.4 

76.7 
100.0 

85.0 


Caro- 
tene, perl 
gram 
of feed 


Micro- 

grams 


52.1 


3.2 


32.2 


5.43 
’“4 42.1' 


Carotene extract filtered through 
adsorption column 


Carotene fraction 
from column 


Spectral 
absorp- 
tion 
ratio 1 


Percent 

73.7 
100.0 

87.6 

274.4 

100.0 

2 86.2 

73.6 
100.0 

87.2 

3 75.3 
100.0 
3 85.9 

72.8 
100.0 

87.5 


Caro- 
tene per 
gram 
of feed 


Alkro- 

grams 


46.2 


2.4 


28.7 


4.42 

"sTo" 


Impurity from 
column 


Spectral 
absorp- 
tion 
ratio ^ 


Equiv- 
alence in 
icarotene, 
per gram 


Percent 

97.8 

100.0 

68.2 

95.5 
100.0 

74.2 

93.0 
100.0 

72. 7 

97.0 
100.0 

74.0 

86.7 
100. 0 

74.6 


Micro- 

grams 


5.4 


3.6 


.94 

"Ti" 


Pig- 
mented 
impur- 
ity in 
unfil- 
tered 
carotene 
fraction 


Percent 


2 32 


11 


1 Expressed in percentage of the absorption at 450iu- 

2 The adsorption filtration apparently left about 7 percent of unremoved impurity still in the carotene 
fraction, making a total of about 32 percent of impurity in the original unfiltered sample. 

3 The adsorption filtration apparently left about 11 percent of unremoved impurity still in the carotene 
fraction, making a total of about 30 percent of impurity in the original unfiltered sample. 
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Table 10 . — Recovery of pigments in carotene extracts, prepared from hays and corn 
silage, when these extracts are filtered through magnesium oxide adsorption columns 


Saniple of feed analyzed 

Wave 
length of 
light 

Absort 

For care 
througt 

Carotene 

fraction 

)ency reading 
condi 

)tene extracts 
i adsorption ( 

Pigmented 

impurity 

?s under com 
tions 1 

3 filtered 
3olumns 

Total 

parable 

For un- 
filtered 
carotene 
extracts 



Millimi- 







crons 






f 

430 

0.813 

0. 127 

0. 940 

0. 940 

Alfalfa hay, lot 85, U. S. No. 1 A...„ 


450 

1. 104 1 

.129 

1.233 

1.239 


1 

480 

.969 

.087 

1. 056 

1.050 


f 

430 

.777 

.317 

1.094 

1. 105 

Alfalfa hay, lot 87, V. S. No. 3 

\\ 

450 

1. 035 

.332 

1.367 

1.381 


1 

480 

.905 

.246 

1.151 

1. 175 


{ 

430 

. 761 

.122 

.883 

.872 

Timothy hay, lot 73, IT. S. No. 1 s 

J 

450 

1.034 

.131 

1. 165 

1. 159 


1 

480 

.903 

.095 

.998 

.980 


f 

430 

. 599 

. 164 

.763 

.778 

q^iniothy hay, lot 79, U. S. No. 3 

J 

450 

. 796 

.169 

.965 

.978 


1 

480 

.684 

. 125 

.809 

.816 



430 

.480 

.178 

. 658 

.658 

Corn silage - 

\ 

450 

.657 

.208 

.865 

.873 


1 

480 

.574 

. 162 

.736 

. 723 


1 Samples comparable in size, final volume, and thickness of absorbing layer. 

2 3 aliquot s were filtered and the results averaged. 

3 2 aliquots were filtered and the results averaged. 


These adsorption columns were made from magnesium oxide 
(Merck). This material was activated by; moistening, heating on 
a steam bath for 2 hours or more to bring it almost to dryness, and 
then heating for 1 hour in a muffle furnace at 200° C. It was ground 
through a 200-mesh sieve, and diluted with the same brand of siliceous 
earth used by Strain (4^) to increase the rate of filtration. 

The adsorption filtrations were carried out in an atmosphere of 
nitrogen (purified over copper) in an apparatus that was so arranged 
that all liquids could be boiled in a reduced atmosphere of nitrogen 
before coming into contact with the column. The column itself was 
only very mildly activated. This condition was selected after con- 
siderable experimentation, wliich indicated that with more active 
columns of tins type there is a very considerable destruction of the 
pigments, including even the carotene. It has since been found desir- 
able to cool these columns wdth ice water during filtration, especially 
during warm weather. 

In these adsorption filtrations the pigments from the carotene ex- 
tracts from the hays and corn silage separated readily into two frac- 
tions-~~-one (the carotene) which vras easily washed through the column 
with ligroin (boiling at 35° to 60° or 90° to 100° C.), and a second 
(the colored impurity) which adsorbed more strongly on the column 
and was eluted later with ligroin containing a small amount of ethanol. 
As shown in table 9, the former fraction when derived from corn silage 
or from hays of good quality, resembles beta-carotene very closely in 
spectral absorption; whereas the spectral absorption of the more 
strongly adsorbed fraction was such as to account for the difference, 
noted previously, between that of beta-carotene and the original unfil- 
tered extract. With the poorer quality hays, it is evident that not 
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all of this colored impurity was removed from the carotene in the 
one filtration that was used. 

Carotene extracts, prepared according to method B from freshly 
cut plant materials (alfalfa, Kentucky bluegrass, and corn plant) 
have hkewise been filtered through magnesium oxide-adsorption 
columns. Although the spectral absorption of the pigments in the 
alfalfa and bluegrass extracts, both before and after the adsorption 
filtration, resembled that of beta-carotene closely and within the 
limit of the experimental error of the writers^ methods of measure- 
ment, a small amount of pigmented impurity was removed by the 
filtration — about 7 or 8 percent in each case. The spectral absorp- 
tion of the extracts from the corn plant before filtration indicated 
the presence of more pigmented impurity in them than in the extracts 
from freshly cut green alfalfa or bluegrass and more pigment was 
removed from these corn extracts as a result of the adsorption filtra- 
tion. These results will be presented in a later paper in connection 
with a study of the relation of the pigments in corn silage to those 
in the plant material from which it was made. 

From the data in table 10, it is evident that the separation of the 
carotene from the pigmented impurity by adsorption filtration was 
accomplished with these extracts from hays and corn silage with 
very little or no loss or alteration of the pigments present, although 
changes in absorption of the magnitude of those reported by Gillam 
aiid El Kidi (6) with this column would have been negligible in this 
connection and would not have been detected with the equipment 
that was used. 

Although the results in table 9 indicate that 11 to 32 percent of the 
absorption of the unfiltered carotene extracts at wave iength 450mju 
was due to colored impurities in them, these results do not furnish 
definite evidence as to the nature or source of this impuiity. Its 
properties resemble those of complex carotene oxidation products, 
or possibly, especially with corn silage, a mixture of such substances 
with decomposition products similar to those reported, in the work 
referred to on page 638, to be formed by the action of acids on xantho- 
phyll (IS, 2S,) 

Regardless of the nature of these impurities, the question naturally 
arises as to whether they occur in the hays and silages and whether 
a correction for them should be deducted from the writers’ regular 
carotene figures, or whether this pigmented material has been formed 
in the process of analysis, possibly from carotene, and that therefore 
the writers’ carotene figures are too low. This question is stUl not 
finally settled, but the evidence at hand favors the view that these 
colored impurities occur in the hays and silages, that they are not 
entirely absent even from freshly cut plant materials, and that they 
are not formed to a considerable extent in the process of analysis. 

The pigmented impurity removed by adsorption filtration, as 
described previously, from the carotene extracts from the hays is 
readily altered when a more highly activated adsorbent than that 
made from magnesium oxide is used; but it would seeni from the 
data in table 9 that under the above-mentioned conditions this 
impurity has very much the same spectral absorptive properties 
regardless of the kind or quality of the hay from which it is obtained. 
It is possible, therefore, to calculate roughly, using average absorp- 
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tion data, the proportion of the absorption at a given wave length 
(e. g., wave length 450 mix) that is due, on an average, to the presence 
of this colored impurity in the original unfiltered carotene extracts 
from the different types of hay. The results of such calculations 
are shown in table 11. A similar calculation with the unfiltered 
carotene extracts prepared from com silage, according to methods A 
or B, indicates that on an average the proportion of the absorption 
at wave length 450 m^ that is due to these colored impurities is 30 per- 
cent or more. 


T.\bl,e 11 . — Average 'percentage of the absorption at wave length 4o0m,ix that is due 
to pigmented impurities in carotene extracts prepared from hays and corn silage 
according to methods A or B 


Kind of feed and grade i 

Lots of feed 
included in 
average 

Average 
calculated 
impurity 
in carotene 
extracts 

Alfalfa hay: 

U. R. No, 1 -- .... 

Number 

12 

Percent 

18 

38 

IT. S. No. 3 - .. ... 

4 , 

I'iniothy hay: 

U. s. No. 1 , . .. 

6 

24 

IT. k No. 3- 

12 

40 

C 0 r n s i lage - 

12 

30 



f (irades determined by representatives of the Bureau of Agricultural .Economics. 


One inight, from calcula tions similar to the above, correct in a rough 
way by making the appropriate deduction from the results for the 
carotene content of hays and corn silage as determined by methods 
A and B. The data given in tables 15 to 21 are not thus corrected, for 
in their present form they seem to be comparable to similar data from 
other laboratories. They express roughly the relative amounts of 
carotene in these feeds and thus constitute a very useful and practical 
guide in feeding (p. 660), 

COMPARISON OF DIFFERENT METHODS OF DETERMINING THE 
CAROTENE IN CATTLE FEEDS 

A number of methods for determining the carotene content of cattle 
feeds have been used in different laboratories. Some of these methods 
have been compared in the Beltsville laboratory, and the results are 
presented here together with other work which indicates somewhat 
the extent to which results of this sort may be comparable. 

METHODS OP ANxALYZING FRESHLY CUT PLANT MATERIALS FOR CAROTENE 

The writers have compared method B with other procedures for 
determining the carotene content of freshly cut plant materials, 
as follows: 

Proced'nre No. 1 . — ITeshly cut alfalfa was immediately frozen with 
solid carbon dioxide in the field, then dried in a vacuum pan cooled 
with carbon dioxide, and ground and analyzed as in method A. This 
procedure gave 356 jug of carotene per gram of dry material, as com- 
pared with 362 for samples done by method B, in which alcohol 
that was not initially cooled was used. The difference is not significant. 
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Procedure No. 2 . — Fresh green material was put in a vacuum 
chamber at 100^ C. within 5 minutes of cutting, dried in a stream of 
air at this temperature and at 7-cm pressure, and then ground and 
treated as in method A. Three lots of alfalfa were analyzed in this 
way. This procedure gave an average carotene content of 323 jag per 
gram of dry matter, as compared with 343 jug for samples done by the 
same method B procedure as was used in procedure No. 1. When 
other samples were dried in a stream of air at 60° instead of 100° C., 
much lower results were obtained (72 percent lower in one case and 
90 percent in another). 

Procedure No. 3. — Peterson, Bohstedt, Bird, and Beeson reported 
{SIf) that they were able to extract more carotene from freshly cut 
alfalfa if they acidified the alcohol they used in extracting it. They 
furnished the writers a description of the method they used, which 
involved refluxing the freshly cut plant material with alcohol con- 
taining 0.5 ml of concentrated hydrochloric acid per 100 ml of alcohol. 
In table 12 are shown the quantities of carotene found in the alfalfa 
plant by the method used by Peterson, et ah, by method B in which 
the material was initially frozen at —60° to —70° C., and by this 
latter procedure with 0.5 ml of concentrated hydrochloric acid added 
per 100 ml of the alcohol that was used in this freezing mixture. The 
results show that a very much lower figure was obtained for the 
carotene when acid was used in its extractions than with the usual 
procedure employed by the writers. 


Table 12 . — Effect of the ‘presence of mineral acids on Ike qumUity of carotene found 

in freshly cut alfalfa 




Carotene per kilogram found when sainide 
was analyzed by— 

Lot, or sample No., of alfalfa analyzed 

i 

Date of cut- ! 
ting i 

Methods, ^ 
using alcohol 
at -60° to i 
-70° 0. i 

Method B with 
0.5 ml concen- 
trated HCl 
added per 100 * 
ml of ethanol, ; 
using alcohol 
at —60° to 
-70° C. 

Method used 
by Peterson, 
Bohstedt, 
Bird, and 
Beeson (34) 

1 

July 18,1935 
July 30,1935 

Milligrams 

166 

Milligrams 

129 

Milligrams 

42' 

2 - 

280 

54 

113 




Very great difficulty was encountered in the ligroin-methanol 
separation with the acid-treated samples for which the results are 
given in table 12. The spectral absorption of these extracts was, 
therefore, determined at a number of wave lengths. This was also 
done with the pigments that were removed from the carotene fraction 
by the methanol in this separation after this carotene fraction had 
been washed sufficiently to remove the xanthophyll completely. 
These data are shown in table 13. 
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Table 13 . — Effect of the 'presence of mineral acids in the extraction of carotene from 
alfalfa; the spectral absorption of the carotene fraction and of the pigments ex- 
tracted from it by 92-percent methanol after removal of the xanthophyll 


Alfalfa 

hay 

sample 

No. 

Fraction or pigment 
tested 

Procedure used in 
preparing fractions 
or pigments 

Relative spectral absorption at wave lengths of — 1 

440 m/i 

445 m^ti 

450 m^t 

460 m/i 

470 mju 

480 mjj, 

1 and 2.. 

Carotene fraction — 

/Method B, no HCL- 
lMethodB,plusHCL 

Percent 

82.4 

Percent 
98. 1 

Percent 

100.0 

Percent 

92.8 

Percent 

84.9 

Percent 
87. 1 

107.3 

100.0 

100.0 

85.2 

75.3 

76. 0 


Methanol extract 

do 


102.0 

100.0 

83.3 

79.6 

77.8 

1 

Carotene fraction — 

Peterson, et al. (34).. 

101.5 

99.0 

100.0 

82.2 

75.1 

71. 1 

2 

do 

do 


100.0 

100.0 

1 ■ 98. 4 

83.4 

85. 5 
73.4 

1 and 2.- 

Methanol extract 2 _ _ 

do 

89.3 

102.3 

100.0 

79.8 

79.3 


1 Expressed in percentage of the absorption at wave length 450 m/i. 

2 These methanol fractions were obtained by repeatedly washing the carotene fractions after the latter had 
been washed a sufficient number of times to completely remove the xanthophyll. 


The results in table 13 leave no doubt that the material that was 
removed from the carotene in the washing of the acid-treated samples 
was not carotene; but indicate, instead, that considerable quantities 
of this same material still remained in the carotene fraction. On the 
other hand, the spectral absorption of the carotene fraction with the 
samples that were done by the regular procedure of the Beltsville 
laboratory, was, as pointed out previously, in very close accord with 
that for beta-carotene. Apparently, in this laboratory the use of acid 
leads to a destruction of carotene. This is in accord with the early 
observations on the effect of acids on carotene and xanthophyll {44) ; 
and the more recent work of Kuhn and co workers {18, 23) would lead 
one to expect in addition a similar — ^in fact a greater — alteration of the 
xanthophyll, and difficulty similar to that encountered, in removing 
these products from the carotene. 

METHODS OF DETERMINING CAROTENE IN HAYS 

Methods A and B have been compared with the following procedures 
for the determination of the carotene in hays: 

Procedure No. 1. — Samples were done by method A, omitting the 
initial soaking in alcohol. Three lots of alfalfa hay analyzed in this 
way averaged 19.5 mg of carotene per kilogram (air dry), and by 
method A, 21 mg. 

Procedure No. Samples were done by method A, omitting the 
initial soaking in alcohol, but using 1 percent of ethanol in the low- 
boiling ligroin used in extraction. Four lots of hay analyzed by this 
method averaged 18.7 mg of carotene per kilogram (air dry) and by 
method A, 18.5 mg. 

Procedure No. 3. — The ground hay sample was extracted six times 
as in method A except that acetone was used in place of the ethanol 
and ligroin; and the carotene remaining in the hay residues was 
finally washed out with ether as described by Schertz (38). The 
acetone was washed out of this mixture by treatment with water (58), 
the ether removed in vacuo, and the pigments taken up in low-boiling 
ligroin, saponified, etc., as in method A. Three lots of hay analyzed 
in this way averaged 20.0 mg of carotene per kilogram (air dry), 
and by method A, 21 mg. " 
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Procedure No. 4. — ^Hay that had been soaked in alcohol as in method 
A was extracted with low-boiling ligroin in a Soxhlet extractor. 
Four lots of hay analyzed in this way averaged 11.4 mg of carotene 
per Idlogram (air dry) and by method A, 12.3 mg. 

Procedure No. 5. — Hay was analyzed by method B, except that the 
chlorophyll in the ligroin solution was saponified with an equal volume 
of 5-peroent KOH-ethanol at 40° C. for 3 hours according to the 
procedure of Kuhn and Brockmann (18) for the saponification of 
xanthophyll esters. Six carotene extracts from alfalfa hays that 
were done in this way gave 3.45 /jtg of carotene per mUhliter; and 
method B with four regular saponifications, gave 3.50 ng. With 
tliree samples of alfalfa hay that were saponified by the procedure of 
Kuhn and Broclonan and by method A with four saponification 
treatments, the average figures were 3.94 ng and 3.72 ng per milliliter 
of extract, respectively. These results would indicate (1) that 
little or no xanthophyll ester occurs in the carotene extracts from 
alfalfa hays when analyzed by the methods used here; and (2) that 
the sbakiug and aeration in saponifying, as done in routine vrork here, 
is probably not harmful. 

Procedure No. 6. — Ninety-percent was compared with 92-percent 
methanol in the hgroin-methanol separation. Samples that were 
washed eight times gave 31.1 mg and 30.6 mg per Idlogram of hay, 
respectively. Other samples from this same hay (alfalfa) that were 
washed 15 times gave 30.3 mg and 27.7 mg, respectively. It is clear 
that the last figure is likely to represent inost nearly the actual carotene 
content of this hay, as pigmented material was clearly visible in most 
of the additional" 92-percent methanol washings, the amount of it 
far exceeding that under similar conditions with pure carotene and 
decreasing with successive washings as, of course, would not occur 
perceptibly with carotene itself. 

Procedure No. 7. — Guilbert’s method (7). In this procedure 95-per- 
cent ethanol (by volume) was used in preparing the alcoholic-potas- 
sium hydroxide solution. This alcohol was treated with silver 
nitrate and potassium hydroxide to remove aldehydes, although the 
error due to resins from this source appears to be negligible. The 
ether extract was not brought to “dryness,” but was concentrated in 
vacuo to remove the ether. Besides washing finally with 90-percent 
methanol, as recommended by Guilbert, additional samples were 
done by using 92-percent methanol as is usual here. _ Controls were 
run with alcoholic potassium hydroxide alone to determine the spectral 
absorption of the resins from this source. The extracted hay residues 
were re-extracted and this extract analyzed in the same way as the 
original extracts. These controls and extracts from re-extraction 
were read at wave lengths 430, 450, and 480 m/x. Several lots of hay 
were analyzed; the results in table 14 for one lot of hay, are typical. 
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Table 14 . — Comparison of results by Guilbert^s method and by method B for the 
determination of carotene in hay 

[The extinction (E) is calculated to 1-cm layer for a 5-g sample and 50-ml volume] 


Extinction coefficient and relative spectral absorption 
at wave lengths of— - 


Extracts, controls, and residues 

430 tclii 

450 m/r , 

480 mii 


E 

Relative 
absorp- 
tion 1 

E 

Relative 
absorp- 
tion 1 

E 

Relative 
absorp- 
tion 1 

Extracts washed 15 times: 







With 92‘percent methanol: 

Method B 

0. 524 

Percent 

79.8 

0. 657 

Percent 

100 

0. 536 

Percent 

81.6 

Guilbert’s method 2 

.540 

79.1 

.683 

100 

.550 

80.5 

With 90-percent methanol: 







Method B 

.590 

79.1 

.746 

100 

.616 

82.6 

Guilbert’s method 2„_ 

.598 

80.2 

.746 

100 

.629 

84.3 

Besin in ligroin phase from KOIf-ethanol con- 







trol 3 

.065 

130.0 

.050 

100 

.024 

48.0 

Second extraction of hay residues: < 






Washed with 92-percent methanol 

.026 

81.2 

.032 

100 

.027 

84.4 

Washed with 90-percent methanol 

.048 

85.7 

.056 

100 

.042 

75.0 


1 Expressed in percentage of the absorption at wave length 450 

2 There is apparently no evidence of resinous material from the heating of the KOH and ethanol in these 
samples. 

3 Done by Guilbert’s method, washing 15 times with the 90-percent methanol. 

< Done by Guilbert’s method in both cases. 

It is obvious tbat this method and method B give very similar 
results with alfalfa hay when the extracts are similarly and adequately 
washed with methanol; the carotene is about equally completely 
extracted from the hay by these methods; and the discrepancies in the 
spectral-absorption data with these extracts as compared with those of 
beta-carotene, are practically the same by both methods. The data 
are from a hay that had lost about 50 percent of its carotene in storage 
since it was purchased, and the extracts with both methods obviously 
contain considerable amounts of pigments other than carotene. If 
these pigmented impurities had not been present in this hay, it is 
obvious from the data in table 14, showing the effect of using 90- and 
92-percent methanol in the separation of carotene and xanthophyll, 
that this variation in the method of washing would have produced no 
difference in the results obtained. 

CAROTENE CONTENT OF MARKET HAYS 

ALFALFA HAYS 

Table 15 shows the United States grade, color, and carotene content 
of 46 lots, or purchases, of aKalfa hay analyzed in the Beltsville 
laboratory. These hays were field-cured and baled. At the time of 
purchase they were inspected by representatives of the Division of 
Hay, Feed, and ^ed of the Bureau of Agricultural Economics. The 
color, leafiness, time of cutting, and any other observations that were 
made regarding the condition of the hays, are noted in the table. 
The color and leafiness of some of the lots of hay was determined by 
inspection of the lot as a whole, but for other lots these factors were 
deterndned separately in the bales that were analyzed for carotene. 
The inspector examined some of these bales at Beltsville, but very 
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often they were sent to the laboratory of the Division of Hay, Feed, 
and Seed for more accurate examination. 

T.A.BLE 15— Carotene content of the various market grades of alfalfa hay 
PUECHASED AS U. 8. NO. 1 


Laboratory designation of each lot, 
or purchase, of hay 

Natural 

green 

color 

Leafiness 

Stage of maturity at cutting 

Carotene 
content 
per kilo- 
gram (air- 
dry basis) 


Percent 

60-65 

Percent 

43 

One-half in bloom _ 

Milligrams 

37 

121 

37 

31 

35 

31 

43 

41 

82 

44 

22 

48 

42 

63 

' 35 

19 

27 

47 

49 

32 

32 

38 

20 

Test B 1 — - 

85 



Oaif B 1 

75 




72 

56 

One-fourth to one-halNn bloom, . 
Earlv bloom 


73 

51 


65 

50 

do _ , 

(54 2 

60 

40 


H-0-1 

70 


H-O-ia 

70 






74 3 

66 

42 



71 

44 

One-tenth to one-half in bloom.. 
Full bloom 


65 

45 

Mat B., Oct 17, 1936 

85 

45 

do 

Shop, medium, Nov. 5, 1936 

67 

40 


Shop, low, Oct 19, 1936 4 

62 

40 



70 

40-42 

One-half in bloom ... . , . 


80 

45 

Bud 


75 

40 

do 


65-70 

40-45 

One-tenth to one-half in bloom.. 
Full bloom 

g9 

65-70 

40 

90 


93 








75: s 





Sublot A 

75 

45 

One-fourth in bloom , . , 

57 

Sublot B 

65 

43 

. . do. _ . 

8 



Average 

70 

44 

do 

32 



77: » 

Sublot A 

70 

45 

One-half in bloom 

48 

Sublot B 

60 

30 

Full bloom 

17 



Average 

67 

40 


38 



80: 7 

Sublot A 

70 

48 

One-fourth in blooin , . ..... . . 

54 

Sublot B 

67 

42 

One-half in bloom. ... 

72 


A verage - 

68 

45 


64 




Average of 26 hays as purchased. 
Average of 27 hays that graded 
U. S, No. 1 in color only ® 




42,7 




42.8 






1 Not graded officially; but classed as ‘*very green/' 

2 The bales in lot 64 contained some hay that was brown and that was graded U. S, No. 3. The No. 3 
hay made up about 29 percent of the lot and contained 1.8 mg of carotene per kilogram. The remainder of 
the hay, an average of 70 percent per bale, was graded tJ. S. No. 1 and contained 60.6 mg of carotene per 
kilogram. The carotene content shown in the table is for a composite sample from 10 bales. 

3 Some of the bales in lot 74 were ‘^set” or ‘^packed" and looked as if they had been baled too soon. There 
were also yellow leaves that might have been the result of leafhopper infestation. The odor seemed norinaL 

^ This sample had been stored from April to October in a rather dark barn loft. 

« Lot 75 as purchased consisted of about equal portions of sublots A and B. The hay in sublot B had a 
sweated or ground odor, indicating that some decomposition or fermentation had occurred. There was no 
evidence of this condition in sublot A. 

« Lot 77 as purchased consisted of two-thirds of sublot A and one-third of sublot B . There was no evidence 
of fermentation in sublot B. 

7 Lot 80 consisted of sublots A and B in the ratio of 15:19. The stalks in sublot A appeared to be finer 
and smaller than those in sublot B. 

3 Includes lot 73. 
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Table 15 . — Carotene content of the various market grades of alfalfa hay — Continued 

PURCHASED AS U. S. NO. 2 


Laboratory designation of each lot, 
or purchase, of hay 

Natural 

green 

color 

Leafiness 

Stage of maturity at cutting 

Carotene 
content 
per kilo- 
gram (air- 
dry basis) 

GO 5 

Percent 

45 

55 

58 

50-60 

51 

45 

Percent 

45 

56 

50 

50 

43 

40 


Milligrams 

19 

14 

13 

15 

12 

20 

H™0-2 10 


H~0-2a - 






54 


Mat. B. Nov. 12, 1936 


73: u 

Sublot A- 


38 

67 

81 

42 

30 

30 

15 

46 

Sublot B. 


Sublot C - 


Average 


63 

34 

46 

Average of 7 hays as purchased 




19.9 

14.9 

Average of 7 hays that graded 
U. S. No. 2 in color only.12 








PURCHASED AS U. S. NO. 3 


i 

38 

1 

20 


11 


1 

41 


1 

48 

10-25 

45 

Bud to early bloom 

11 

51 12 

15 

25 

In bloom _ 

8 

6313 

20 

30 

dn„. 

3 

66. ’ 

15-35 

35-38 


5 

67 

15-25 

30-35 


4 

71 13 

5-10 

20-25 

One-tenth in bloom 

1 

78 .... 

0- 6 

35-48 

Bud 

2 

87 i 

15 

15 

Early cut 

3 

88 

20 

15 


1 

91 




4 

92 




4 






Average of 13 hays as purchased.. 




4.1 

Average of 12 hays that graded 




4. ( 

U. S. No. 3 in color only.i* 






® Lot 60 as purchased was graded U. S. No. 1 (color 60 percent and leafiness 50 percent) but upon reinspec- 
tion, the bales that were analyzed were graded as shown and they appeared to be representative of the lot. 
1 bale that appeared ‘'set” but not caked, indicating that fermentation had occurred in it, was graded 40 
percent in color and contained 10 mg of carotene per kilogram. 2 other bales "were caked, but in sampling 
them i bale had been drilled from an end that was much greener and less affected, if at all, by fermentation. 
These 2 bales contained 24 mg of carotene per kilogram. 

10 This was a single bale of hay. On Feb. 12, 1935, it was graded 63 percent in color and the carotene con- 
tent was 14 mg per kilogram; on Apr. 5, 1935, it was graded 48 percent in color and the carotene content was 
15 mg per kilogram. The datum in the table for color is the average of these determinations. 

u Lot 73 was not uniform. The bales in sublot A looked as if the hay had heated in the bale as a result of 
bailing too soon after cutting. There were about equal amounts of each sublot. 

12 Omits lot 73 and includes lot 71.5. 

12 These hays were badly weathered. 

H Omits lot 71.5. 


The method of color measurement used in the Bureau of Agricul- 
tural Economics is described by Nickerson (33), who gives the Mimsell 
hues associated with the various percentages of ^ ^natural green color,” 
as expressed in hay inspection. According to the hay standards, 
described by the Bureau of Agricultural Economics (43), a sample of 
alfalfa hay may be sufficiently high in percentage of natural green 
color to be in grade 1, but may be placed in grade 2 or 3 because its 
leaf content is low (table 15, lot 73, sublots B and C; and lot 77, 
sublot B); or it may contain sufficient leaves to be in grade 1, but be 
placed in grade 2 or 3 because its percentage of natural green color is 
low (table 15, lots 60; H-0-2; H~0-2a; 73, sublot A; 51; 54; 56; and 
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48). Also a lot, or purchase, of hay is frequently not uiiiform, some 
bales being quite different from others (table 15, lots 75, 77, 80, and 
73). The data in table 15 are according to the grading of the lot, or 
purchase, of hay as a whole; but, where the bales in the lot differed 
in this way, the lot, or purchase, of hay was separated into uniform 
sublots and each sublot was analyzed. The data for these siiblots 
are also given in the table. 

Attention should be called to lots 74 ; 75, sublot B ; 60 ; and 73, sublet 
A. Fermentation or spoilage was evidenced in all of these hays by a 
caked or packed condition in the bale and by a tobacco, ground, or 
sweated odor. 

In considering the data in table 15 one must bear in mind that besides 
the errors in the carotene determinations discussed above, there are 
relatively large and unavoidable errors m the determination of the 
leafiness and color of these hays. Despite these facts, an inspection 
of the data for the alfalfa hays in table 15, seems clearly to justify the 
following summary: 

(1) There is a very decided difference between the average vitaniin 
A potency of the No. 1, No. 2, and No. 3 grades of alfalfa hay as 
indicated by the carotene content, the average carotene content of 
the hays shown in table 15 being 42.7, 19.9, and 4.5 mg per kilogram, 
respectively, for these different grades. Since alfalfa hay is graded 
commercially mainly on the basis of its leafiness and color, the question 
arises as to whether these differences in carotene content are associ- 
ated with either of these factors used in grading. 

(2) The results in table 15 indicate that, although the carotene 
occurs largely in the leaves of the alfalfa plant (36) and is high in 
alfalfa leaf meals (table 16), the percentage of leafiness in field-cured, 
market hays plays a minor role in determining their carotene content. 
It is true that the average leafiness of the hays that are poorest in 
carotene is lower than the average leafiness of the others. Thus the 
average leafiness of the hays containing 1 to 11 mg of carotene per 
kffogram, as is the case with the grade 3 hays, is only about 30 percent, 
whereas the leafiness of the hays containing more than this amount of 
carotene is about 42 percent. Nevertheless, the average leafiness of 
the hays containing 12 to 20 mg of carotene per kilogram, as is the 
case with the grade 2 hays, is fully as great as that of the hays contain- 
ing between 27 and 77 mg per kilogram; and there are hays that are 
low in their leaf content but high in carotene, and vice versa. Un- 
doubtedly a large proportion of the carotene in these alfalfa hays 
occurred in the leaves, but the leaves, nevertheless, may or may not 
be rich in this pigment. 

A few samples of machine-dried alfalfa leaf meals have been analyzed 
for carotene and the results are shown in table 16. 


Table 16. — The carotene content of machine-dried alfalfa leaf meals 


Sample 

No. 

Green- 

ness 

Carotene 
content per 
kilogram 
(air-dry 
basis) 

Sample 

No. 

Green- 

ness 

Carotene 
content per 
kilogram 
(air-dry 
basis) 

j 

Sample i 
No.. '■ 

Green- 

ness 

Carotene 
content per 
kilogram 
(air-dry 
basis) 

1 

Percent 

97 

64 

51 

Milligrams 

155 

122 

90 

4 

Percent 

74 

85 

85 

Milligrams 

76 

244 

160 


Percent \ 
80 ' 

Milligrams 
. 212 


5— _ 

Average, 


m 

R 

6 _. 
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Tile bigh carotene figures for these meals are in accord with results 
from other laboratories. The spectral absorption data in table 8 
are of interest in this connection, being in good agreement with those 
shown for beta-carotene (second international standard, table 8). 

(3) From data in table 15, it is obvious that any evidence of spoil- 
age such as a caked or set condition in a bale of hay or a tobacco, 
sweated, or ground odor (table 15, lots 60; 73, sublot A; 74; 75, sub- 
lot B) may be taken as an indication of a decidedly low carotene 
content. This condition may be associated with a low percentage 
of green color (lots 60; and 73, sublot A); but apparently it also 
occurred in hays that were not graded particularly low in this respect 
(lots 74; and 75, sublot B). 

This fermentation in hays is the result of baliiig^ them before they 
are sufidciently dry; but overexposure to sunlight in drying has also 
been found to be destructive of carotene and^ must be avoided if 
hays of high carotene content are to be obtained. The optimum 
conditions at which hays should be placed in storage have been 
studied by vShepherd and Woodward {S9). 

(4) The percentage of natural green color in alfalfa hays is by far 
the most important, general, and reliable index of the carotene con- 
tent. This is obvious from the results shown in figure 1, as well as 
from those in table 15. 

If one disregards all lack of uniformity and all evidence of fermenta- 
tion in the lots of alfalfa hay shown in table 15 and grades these hays 
on the basis of color alone, the average carotene content of the hays 
placed in grade 1, 2, or 3 is 42.8, 14.9, and 4.0 mg per kilogram, respec- 
tively. The hays in grade 1 would on this basis contain 19 to 121 mg 
of carotene per kilogram of hay; those in grade 2, 11 to 20 mg; and 
those in grade 3, 1 to 11 mg. 

On the other hand, if each uniform lot or sublot of hay shown in 
table 15 is graded according to its color, and those hays in which 
spoilage occurred are omitted, then the average carotene content of 
the hays placed in grade 1, 2, or 3 is 45.7, 14.2, and 4.1 mg per kilo- 
gram, respectively. The carotene content, on this basis, would 
vary from 17 to 121 mg per kilogram, 11 to 20 mg per kilogram, and 
1 to 11 mg per kilogram, respectively, for grades 1, 2, and 3. These 
results are showm graphically in figure 1. 

The two hays of lowest carotene content that on the latter basis 
would be in grade 1 are of interest. They are lot 77, sublot B and a 
single bale of hay designated as ‘'Shop, low, Oct. 19, 1936.” The 
former was graded barely 60 percent in green color and contained 
only 30 percent of leaves; the latter was from a lot of hay (lot 80, 
sublot A) that was purchased and first analyzed during April 1936. 
From April to October this hay had been stored in a rather dark barn 
loft. ^ Under these conditions of storage the percentage loss of caro- 
tene is much greater than that of green color (.^d); and the bale that 
was analyzed in October is apparently no exception. It was 65 per- 
cent lower in carotene content, but only about 10 percent lower in 
green color than those bales that were analyzed in April. This result 
is the only one included in table 15 for a hay that was stored in this 
way after being purchased. It illustrates a general condition which 
tends materially to alter the relation between the color and the caro- 
tene content of alfalfa hays. Hay that has been stored under these 


Nov. 1, 1938 


Varotene Content of Market Hays and Corn Silage 


657 



NATURAL GREEN COLOR (PERCENT) 

Figuke 1.— Relation between the United States grade (in color only) and the 
carotene content of the alfalfa hays analyzed at the Beltsville laboratory. 
No hays in which spoilage had occurred are shown, and only uniform lots or 
sublots of hay are included. 
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conditions may have a much lower carotene content, as compared 
with its color, than it had soon after it was cut. Obviously, there is 
a very useful practical relation between the color and carotene con- 
tent of alfalfa hays; but, of course, no definite quantitative relation 
between these factors can be expected. 

It is interesting to note that all the 27 uniform lots or sublots of 
alfalfa hay with a ‘ 'natural green’' color of 60 percent or more (fig. 1) 
contain 20 mg or more of carotene per kilogram; and that a hay with 
tliis minimum concentration of carotene, when fed at about 50 per- 
cent of the ration, furnishes close to the minimum amount of vitamin A 
that a cow requires for normal reprociuction (35) (p. 660). It is inter- 
esting to note further that before either of these facts was known, 
bay-grading authorities had selected this percentage of natural green 
color as the minimum for U. S. No. 1 alfalfa hay. 

TIMOTHY HAYS 

Table 17 gives the United States grade, color, and carotene content 
of 40 lots or purchases of timothy hay that have been analyzed in 
the Beltsville laboratory. Although the carotene content of the hays 
overlaps to some extent in the various grades, there is a distinct 
tendency for it to vary with the grade of the hay. The average caro- 
tene content of the timothy hays in grades 1, 2, and 3 is 20,6, 9.3, 
and 5.5 mg per kilogram, respectively. As the grading of ^ timothy 
hays is based on the percentage of green color in them this means 
that, as with the alfalfa hays, the carotene content varies in general 
with the color. But the amount of this pigment varies from 8 to 
36 mg per kilogram in the grade 1 hays; from 8 to 11 mg per kilogram 
in the grade 2 hays; and from 1 to 12 mg per kilogram in grade 3 
hays. As would be expected, the timothy hays that were cut when 
ripe or overripe are uniformly low in their carotene content; whereas 
those hays that were cut in the prebloom stage generally contain 
more of this pigment. 


Table 17. — Carotene content of various market grades of timonthy hay 
PURCHASED AS U. S. NO. 1 


j 

Laboratory designation of each lot 

. 1 

Natural 

green 

color 

j 

1 

Stage of maturity at time of cutting 

Carotene 
content per 
kilogram 
(air-dry 
basis) 

40 

Percent 

50 

48-50 

45 

47 

55 

62 

85 

55-60 

60-65 

i 

. j 

Milligrams 

20 

23 

22 

18 

19 

16 

36 

21 

19 

■46 ■• 

Prebloom i 

47 _ 

do - i 

51 ^ 

do. - 

57 

do ! 

61 _ 

Bloom and early bloom i 

73 - 

Late bloom - - 

75 - - 

Before bloom - - 

80 


43: 

7 bales : 


50 

50 

21 

30 

1 bale.-----...- - 


Average 


' 50 

22 

Average of 10 lots — 



20.6 





’Average of 8 agreeing determinations on 5 bales of hay. The bales were carefully graded and showed 
no evidence of spoilage. Meigs and Converse report (unpublished) that they found this hay inadequate 
in its carotene content to prevent the abnormal calving by a cow that received it as approximately 50 per- 
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Table 17 Carotene content of various market grades of timothy hay Continued 

PTTECHASED AS V. S. NO. 2 


Laboratory designation of each lot 

Natural 

green 

color 

Stage of maturity at time of cutting 

Carotene 
content per 
kilogram 
(air-dry 
basis) 


Percent 

35-40 

35-40 

Early dough 

Quite immature - 

Milligrams 

8 

9 

11 


35 

Early dough - 

9.3 


. 



PURCHASED AS U. S. NO. 3 


37— - 
42—- 

38— 
45— 
53— 
56—- 

64— 

65— 

66 — 
60— 


70— 

72— 

74— 

76— 

77— 

78— 

79— 
81— 
82- 

83- 

84- 

85- 


89 


Average 


20-25 1 Ripe. 

15-20 
10 
20 

'i5^20 
22 
8 

■" 15 ^ 20 ’ 

20-25 

15-20 

15-30 ! 

20 
10 
10 
20 
10 

20-25 
15 
15 
20 
15 
15 

15-20 
5 


Late dough - 


Ripe 

Overripe - - — 

Ripe — - 

do— 


Overripe - 

I"Ido-I—-I 

Ripe 

Ripe (headed for seed).. 
Late dough, weathered.. 
Late dough 

do. 

Ripe 

Late dough 

Ripe 

;""do— 

Ripe and weathered...- 


1 

10 

1 

4 
2 
6 
8 
7 

5 

4 

5 

3 
11 
12 

4 
3 

5 

5 
2 

3 

4 
10 

9 

11 

6 
3 

5 


5.5 


CLOVER HAYS 


nrilir fnnr samDles of clover hay have been analyzed for carotene in 
Only it? 4. wptp all sradod. Rt tlio timo of pur- 

the BeltsviUe Clover or U S. No. 1 Clover Light Timothy 

fcT tKro^e'iS ortL four waa 11, 14, 24, 

and 43 mg per kilogram of hay, respectively. 

practical significance of carotene determinations in 

PRACTICAL biOriN CATTLE FEEDING 

AT + til A hflvs for which the carotene content is given in tliis 
n ^ Wn to cattle at the BeltsviUe station, largely in expen- 
paper have bocii l^ed ^ -r^raf>tir'allv the onlv source of vitamin A 

ments in which they we Meigs (3) have studied the 

in the ration, ^^HutASe valS of the mUk of cows, 

effect of these hays i investigated the value of the 

SSTtlSf fe a definite relation between the 
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carotene content of hays (as determined by routine analytical methods) 
and the value of these hays as a source of yitamin A. 

They found that the reproductive function in the cow is sensitive 
to a deficiency of vitamin A in the ration, and that the amount of 
vitamin A required for this function quite likely determines the 
minimum amount of vitamin A or its precursors that it is advisable 
to feed to a cow. On the other hand, it is clear from their work that 
there is a corresponding range of carotene content, as determined in 
the hays that they used, that meets these requirements. They report 
failure in reproduction with all of their cows, when U. S. No. 3 alfalfa 
or timothy hay constituted approximately 50 percent of the ration 
and was very nearly the only source of vitamin A in the ration for a 
period of at least 5 months before the cows calved. The calves were 
born dead, blind, or so ’weak that they died soon after birth. When 
II. S. No. 1 alfalfa hay was similarly fed, there was normal success in 
reproduction; and with hays that were intermediate in carotene 
content — possibly ranging from 10 to 20 mg or 15 to 20 mg of carotene 
per kilogram of hay — the results were variable. 

Ill a subsequent report based on these experiments of Meigs and 
Converse, which are still in progress, Eogers {36) states: 

If the carotene content of the hay of the ration, where fed at about one-half 
of the ration, is as high as 20 parts per million calving is normal; if it is as low 
as il the results are uncertain and at levels as low as 5 parts per million there are 
no normal calvings. 

Apparently, with cow^s fed as here described, those hays listed in 
tables 15 and 17 that contain 20 mg or more of carotene per kilogram, 
as determined by methods A and B, would supply close to the mini- 
mum amount of vitamin A required for normal reproduction; and 
those containing 14 mg or less would not do so. The carotene figure, 
therefore, as determined for a hay by the ordinary routine pro- 
cedures described in this paper, is a decidedly useful index of practical 
value in cattle feeding. 

As shown in the earlier part of this paper, this statement is true 
whether the carotene is determined according to methods A and B, 
described in this paper, or according to comparable methods developed 
in other laboratories. There is, therefore, available a considerable 
amount of comparable information on the suitability, from this 
standpoint, of various materials for cattle feeding and on the vitamin 
A requirements of cattle. However, just as numerous factors affect 
the efficient utilization of the energy or of the protein of the ration, 
the same may very well be found to be true of the utihzation of vitamin 
A and its precursors (15), when these results are applied in practice. 

In a recent paper, Guilbert, Miller, and Hughes {9) present the 
results of a study of the amoxmt of carotene and vitamin A required 
by cattle to prevent night blindness. They report that a minimum 
of 25 to 30 ixg of carotene per kilogram of body w^eight, or 6 to 8 /xg of 
vitamin A, is necessary in the ration for this purpose; but they found 
that pregnant, nonlactating cows, maintained on these minimum 
levels tliroughout gestation, uniformly gave birth to w^eak calves that 
died soon thereafter. Increasing the carotene intake to three or four 
times this minimum during the last month of gestation cGnsistently 
resulted in normal calves at birth. These workers also report that, 
with cows maintained for long periods during lactation on approxi- 
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mately the minimum level of carotene that would prevent night 
blindness, the milk was practically devoid of vitamin A and nursing 
calves developed symptoms of vitamin A deficiency and died. 

This work clearly demonstrates that night blindness, as detected in 
cattle by the method that these workers used, is not a criterion by 
which to judge practically the adequacy of a ration as a source of 
vitamin A for dairy cattle, but that the minimum quantity of this 
factor that it is advisable to feed these animals certainly is more 
nearly the mnount Meigs and Converse found to be necessary for 
normal calving (p, 660). 

CAROTENE RESULTS WITH MISCELLANEOUS FEEDS 

A number of miscellaneous feeding materials have been analyzed by 
means of the carotene methods described on pages 638™639 and tlie 
results are included in table 18. It must be borne in mind that the 
hgures for the grains, although they include the carotene present, are 
not a measure of their vitamin A value. 


Table 18 . — Carotene found in various feeding materials analyzed in the Beltsville 

laboratory 


Feeding material 

Samples 

Carotene: per kilogram 

analyzed 

Range 

I 

Average 

Wheat straw (air dry) 

Number 

1 

Milligrams 

Milligrams 

0) 

4 

Corn stover (air dry) - 

2 

2- 6 

Kentucky bluegrass (dry weight) 

4 

424- 662 

567 

Alfalfa, freshly cut (dry weight) 

9 

271- 412 

2 334 

Garden carrots, yellow: 3 

Green weight- - -- 

11 

36- 132 

91 

Dry weight 

11 

268-1, 692 

914 

Corn grain, j^ellow. _ 

6 

3- 9 

* 5 

Wheat bran - 

2 

0.12- 0.23 

18 

Tdn.^PRfi meal _ . __ 

3 

0.23- 0.29 

^26 

Soybean meal __ _ _ 

1 

^.23 





1 Less than 2 mg per kilogram. 

2 1 sample of alfalfa, obtained from a plot that was infested by leafhopper, contained 166 mg per kilogram. 
The sample was selected as the best hay in the plot. 

3 Garden carrots purchased on market for feeding experiments. 

^ This figure includes the carotene along with other pigments, such as eryptoxanthine, which go more or 
less into carotene fraction. 


CAROTENE CONTENT OF CORN SILAGE 

Since 1934, this laboratory has made about 30 determinations of the 
carotene content of the silage used in feeding the cattle in the herd 
employed in nutrition experiments at Beltsville. Each determination 
has consisted of the analysis of several aliquots, frequently from each 
of several large samplings. In some instances monthly composite 
samples have been made from samplings taken twice daily for the 
month, each daily sampling being kept in an ice box in a closed fruit 
jar until the monthly composite was made and analyzed. The 
results of these silage determinations are given in table 19. 
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Table 19 . — Carotene content of miscellaneous samples of corn silage 


Silage sample 
No. 

Date of anal- 
ysis 

Carotene content 
per kilogram— 

Silage sample 
No. 

Date of anal- 
ysis 

Carotene content 
per kilogram— 

On basis 
of silage 
as fed 

On basis 
of dry 
weight 

On basis 
of silage 
as fed 

On basis 
of dry 
weight 



Milli- 

Milli- 



Milli- 

Milli- 



grams 

grams 



grams 

grams 

1 

Mar. 8, 1934 

12 

48 

20 

Nov. 14,1936 

7 

22 

70 


Mar. 14, 1934 

12 

48 

21 

Dec. 30,1936 

19 

3 

May 26,1934 

13 

48 

22 

Feb. 10,1937 

IS 

60 

4 - 

July 1934 

3 

13 

23. 

Mar. 8,1937 

11 

43 


July 30T934 


20 

24 

Mar. 15, 1937 

g 

28 

6 

Aug. 6, 1934 

10 

39 

25 : 

July 30.1937 

3 

10 


Sept. 4,1934 

16 

60 

26 1 i 

March 1937- . j 

6 

20 

s 

Sept. 17, 1934 

11 

39 

27 1 -i 

April 1937 


22 

9_._ 

Nov. 17, 1934 

1 

4 

28 I i 

May 1937 

7 

24 

10 

Jan. 5,1935 

37 

146 

29 1 

June 1937 

5 

IS 

11 

Mar. 4, 1935 i 

40 

156 

30 1 

Julv 1937 

4 

13 

16 

Mar. 9, 1935 

28 

111 





13„ 

Marl le! 1935 

29 

103 

Average 


13.7 

49.9 

14 - 

Mar. 21, 1935 

36 

122 

Average, 




15 

Mar. 25, 1935 

10 

35 

omitting 




10 

Sept. 5,1935 

25 

98 

samples 9 




17 

i Sept. 20, 1935 

8 

29 

to 17, in- 




18 

i June 22, 1936 

10 

28 

clusive 2__ 


9.4 

33.0 

19 

June 25,1936 


20 





1 Composite sample. 2 samples were taken from the silage as fed daily, kept in fruit jars in an ice box, 
and composited before analysis. The keeping of the samples in this way was tested out and was found not 
to lead to a destruction of the carotene. Later, however, evidence of spoilage was noted in some jars. On 
this account 4 of the 60 jars in April, 5 in May, and 1 in June, w'ere discarded. 

2 Samples 9 to 17, inclusive, do not represent the results of average practice on the farm where this work 
was done. 


The carotene content of the 30 samples of corn silage ranges from 1 
to 40 mg per kilogram of the silage as fed, or from 4 to 156 mg per 
kilograni of dry weight. The average carotene content of these 30 
samples is 13.7 mg per kilogram of the silage as fed, or practically 50 
mg per Idlogram of dry weight. 

All the samples of silage listed in table 19, except Nos. 9 to 17, 
inclusive, represent the results of average farm practice on the dairy 
farm at Beltsville. The carotene in these samples ranges from 3 to To 
mg per kilogram of silage as fed, or from 10 to 70 mg per kilograni of 
dry weight; and the average carotene content is 9.4 mg per lalogram 
of silage as fed, or 33 nig per kilogram of dry weight. These samples 
are probably not sufficiently comparable in other respects to permit 
any conclusions regarding the relation between their carotene con- 
tent and the duration of the period of storage in the silo. This matter 
is now under investigation. 

^ The data for the samples of silage that represent average farm prac- 
tice at Beltsville agree with those from other laboratories, and proba- 
bly represent the results obtained frequently in practice. Lipman (24) 
reports an average of 15 International units of carotene per gium of 
silage for six samples that were analyzed at the New Jersey Agricul- 
tural E3g)eriment Station, Krauss (16) reported 2.5 Sherman units 
of vitamin A potency per gram for one sample of silage ; and in a sub- 
sequent paper (17) reported using silage containing 52 mg of carotene 
per kilogram of dry material. 

It is obvious from the results obtained with corn silage that fre- 
quently the silage might be suspected of failing to supply enough 
carotene in the ration to furnish the vitamin A required for normal 
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reproduction. Meigs and Converse have in progress in the Belts- 
ville laboratory an experiment to test this point. No results of their 
experiment have yet been published, but they have been kind enough 
to permit the following statements: Up to the present time there 
have been five calvings by cows on a ration of grain and corn silage. 
The silage was fed ad libitum and the grain was fed in amoimts to 
supply adequate energy and protein. Of these five calvings, tlmee 
have been normal. ^ In the other two cases the calves died at 2 and 13 
days of age respectively/ Wlrere corn silage is to be used thus in the 
ration of a cow as practically the sole source of vitamin A, or is to be 
depended upon in large measure to furnish this factor in the diet, it is 
evidently important to know the conditions under which it may be 
produced with adequate carotene content. 

Preliminary work of this sort was started in the fall of 1934, with 
the silage samples 9 to 17, inclusive (table 19), to learn something of 
the conditions that determine the carotene content of corn silage. A 
record was available of the varieties of corn that had been planted in 
that year. Wlien the crop was cut in the fall the matiu*ity and green- 
ness of the corn were noted, a record was kept of the way it was handled, 
the weather conditions, etc., and from time to time as the chopped 
corn was put into the silo a large amount of the material was mixed in 
the silo and duplicate samples were taken. Aliquots from one of these 
duplicates were analyzed immediately for carotene and moistui*e. The 
other duplicate, amounting to 15 to 20 kg, was placed in a very porous 
burlap bag, left in the silo, and analyzed when it was uncovered during 
subsequent feeding. Nine bags were thus left in the silos. The results 
of this experiment are shown further in table 20. 


Table 20 . — Relation between the carotene content of corn silage and the fnaturity and 
carotene content of the corn from which it was made 


Silage sample 
No.i 

Date of 
analysis 
of silage 

Condition of corn plant at cutting 

Carotene content 
per kilogram (dry- 

weight basis) 

■ 

State of maturity 

Green- 
ness 2 

Corn 
plant 3 

Silage 

10 . . . _ 

Jan. 5, 1935 
Mar. 4, 1935 
Mar. 9,1935 

Ears 100 percent in milk, undented 

Percent 

100 

grams 

115 

Milli- 

grams 

146 

n 

do ! - 

90 

92 

156 

12 

_ .__do - 

90 

94 

111 




Average. 


do - — - 


100 

138 




13- 

Mar. 16, 1935 ' 
Mar. 21, 1935 ; 
Sept. 5,1935 

Ears 50 percent in milk, 50 percent in dough. 

90 

: 70 

1 103 

14 

90 

90 
■ 74 

122 

16 

Some milk, but average ear slightly dented. 

75 

98 





Average. 




78 

107 




15 

Mar. 25, 1935 ' 
Sept. 20, 1935 

Ears dented..! 

40-50 

21 

■ 35 

17 

-do..— ! 

40 

25' 

; ■ ' '29 



Average. 


^_do - 


; 23 

',32 

__ 1 



9 

Nov. 17, 1934 

Ears dented, plant exposed to light frost 

20 

6 

4 






1 Samples 10 and 11 were from the same variety of corn; samples 12, 15, and 17 were from the same variety; 
and samples 9 and 13 were from the same variety, 
s The portion of the plant that was estimated to be green. 

* Carotene content at time the material was chopped for ensiling. The time and condition of exposure 
between the time the corn was cut in the field and the time it was chopped for ensiling varied for the different 
lots of corn. 

* There was a light frost for 1 night, 8 days before this corn was cut. 


7 In addition to these calvings on this grain-corn silage ration there was one abortion that occurred much 
— f that have been associated here with a deficiency of vitamin A in the ration. 
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In considering the data in table 20 it will be recognized that a 
number of factors which may have affected the carotene content of 
the corn from which these silage samples were made varied^ — ^e. g,, the 
variety of the com, its maturity and greenness, the weather conditions 
preceding and at the time of cutting, the period elapsing between the 
time the corn was cut and the time it was put into the silo, the weather 
conditions during this time, etc. The carotene content as found in 
the samples of silage may have been affected, in addition, by varia- 
tions in the time that the silage was stored, the exposure of the bags 
near the top of the silo before they were removed, and numerous other 
conditions. It is impossible from the information in this preliminary 
experiment to accurately evaluate or rigidly eliminate many of these 
factors; but, despite this situation, it is clear that certain correlations 
in the data in table 20 are much more consistent and striking than 
others. Of these the followmg may be noted: 

(1) The carotene content of the corn from which the lots of silage 
were made was, as might have been expected, most strikingly and 
consistently affected by the maturity of the corn and the proportion 
of the plant that was green at the time of cutting. In the three 
greenest and least mature samples of corn the carotene content varied 
from 92 to 115 mg per kilogram of dry weight, and averaged 100 mg; 
in three samples of corn that were slightly more mature the carotene 
content varied from 70 to 90 mg per kilogram and averaged 78 mg; 
whereas in the two samples of corn that were fully dented (but not 
frosted) and only 40 to 50 percent green the carotene content was 21 
and 25 mg per kilogram of dry weight, respectively. The effect of a 
light frost upon the carotene content of the corn plant is well shown 
in sample No. 9. 

(2) The carotene content of the silage samples shown in table 20 
was, without doubt, definitely affected by that of the corn from which 
they were made. Corn having an average carotene content of 100 mg 
per kilogram of dry weight produced a silage with a carotene content 
of 138 mg per kilogram; corn having an average carotene content of 
78 mg produced a silage with a carotene content of 107 mg; and corn 
having an average carotene content of 23 mg produced a silage with 
a carotene content of 32 mg; while the sample of frosted corn with a 
carotene content of 6 mg produced a silage that contained only 4 mg. 
vSamples 15 and 17 appear to represent the results of average practice 
in the making of silage on the farm at Beltsville. 

(3) It may be noted that the carotene content of the silage samples 
in table 20, with the exception of the frosted sample, is uniformly 
higher than that of the corn from which they were made. The corn 
with an average carotene content of 100 mg per kilogram produced 
silage with a carotene content apparently 38 percent higher ; and for 
the two lots of corn with average carotene content of 78 and 23 mg, 
respectively, the apparent increase in carotene in the silage was 37 
and 39 percent, respectively. Probably, the good agreement in these 
figures is largely a matter of chance; but it does indicate that the 
apparent percentage increase in carotene in the silage does not vary 
materially with the amount of carotene in the original plan t”material. 

There were probably a number of changes in the pigments in the 
corn plant from the time it was cut in the field to the time samples 
of the freshly chopped material were taken from the silo, and also from 
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this time until the silage itself was analyzed. The increase in the 
amount of pigmented material in the carotene extracts from these 
silages, as compared with the corn from which they were made, may 
possibly best be regarded as the net result of at least more than one 
change going on in these pigments in the silo, and insofar as the writers 
are aware, there is no conclusive evidence indicating the nature of the 
material making up this net increase of pigment in the carotene frac- 
tion from the silage. It is true that Krauss (id), reported 2.5 Sherman 
units of vitamin A potency per gram in silage made from corn that 
contained only 1.25 Sherman units; but no details of this work were 
given. 

Apparent increases in carotene content, similar to those just noted 
with ordinary corn silage, have been reported repeatedly in silage 
made by the A. L V. method,^ where it would seem, much less Ifely 
that carotene might be produced by bacteria or in the continued 
metabolism of the cells of the ensiled plant; and, although it has been 
demonstrated that A. I. V. silages are rich in carotene and are potent 
sources of vitamin A, no one seems to have determined the nature or 
biological properties of the additional pigment that occurs in the 
carotene extracts from them. It is possible that this additional 
pigment may be carotene; but since, according to Kuhn and Brock- 
mann {18), pigments that behave like carotene in analysis may be 
formed by the action of weak acids on xanthophyll, one must regard 
such an assumption with some reservation until further evidence is 
at hand. Also, since a similar acid reaction prevails during the 
storage of corn silage, this possible origin of the increase in pigment 
in corn silage over and above that in the corn from which it was 
made must be borne in mind. 

The data discussed on pages 643-648, indicating that the carotene 
extracts obtained in the routine analysis of corn silage contain pig- 
ments other than carotene and that these so-called pigmented im- 
purities account on an average for about 30 percent of the absorption 
at wave length 450 m^, are of interest in connection with the data 
in table 20, which apparently show^ that more carotene exists in the 
silage than was ih the corn from which it was made. It is of interest, 
further, to note that the average amount of pigmented impurity in 
these extracts is about equivalent to this apparent increase in the 
carotene content of the silage. Thus, regardless of the nature of the 
changes in the pigments during storage in the silo, apparptly the 
full amount of carotene originally in the corn is well maintained. 

In considering the data in table 20 from a practical standpoint, it 
may be pointed out that to cut corn when the ears are practically all 
in the milk stage entails a considerable loss of yield in dry matter 
per acre. Cutting corn at this early stage is probably unnecessary, 
however, for it will be noted that corn that was cut in the early dough 
stage, or when the kernels were slightly dented, still yielded a silage 
that was rich in carotene. In silage from corn that was cut when 
the kernels were fully dented and only 40 to 50 percent of the plant 


8 In the A. I. V. method, named for its sponsor A. I. Virtanen of Finland, certain acids are added to 
increase the acidity of the ensiled material. 
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was green, the carotene content was considerably reduced; and the 
practice of cutting corn at this stage is likely to lead to the production 
of considerable shage that is inadequate in its carotene content to 
supply the amount of vitamin A required by dairy cows for normal 
reproduction, especially when it is practically the sole source of 
carotene in the ration. The minimum arnount of carotene, as ordi- 
narily determined in corn silage, that it is necessary to feed a cow 
has never been definitely determined. Certainly, it would be well 
to feed enough silage to provide at least 100 to 150 mg of carotene 
per day during the dry period, and more would certainly be desirable. 

SUMMARY 

The methods for the determination of carotene that are now in 
general use in the laboratory of the Division of Nutrition and Physi- 
ology at Beltsville, Md., are described in this paper. According to 
these methods the carotene is separated from the chlorophyll and 
xanthophyll by a modification of the well-known Willstatter and Stoll 
procedure. 

Data are presented here to show the errors that occur in the use 
of this procedure. The largest error in the determination of the 
carotene in hays and corn silage by this procedure was found to be 
due to pigmented impurities other than xanthophyll or chlorophyll 
in the final carotene extracts. The presence of such pigmented 
impurities has been demonstrated by a study of the spectral absorp- 
tion and adsorptive properties of these extracts. The error from this 
source in determining the carotene in the extracts varied from about 
11 to 32 percent in the case of the hays and corn silage. It was least 
with fresh green plant materials and with leaf meals and hays of 
high carotene content. The source of these pigmented impurities is 
still uncertain. Some evidence tends to indicate that they are not 
in general produced in the process of analysis, but this possibility has 
not been satisfactorily excluded. 

Despite this error in the determination of the carotene in feeds and 
the uncertainty of the source of these pigmented impurities, the 
carotene content as determined by the usual routine methods now in 
use in the Beltsville laboratory is shown to be a very useful index of 
the vitamin A value of feeds of plant origin that are used in cattle 
feeding. 

Data are presented on the carotene content of various kinds and 
qualities of market hays, the relation between their physical proper- 
ties and carotene content, the carotene content of corn silage, some of 
the conditions affecting the carotene content of this silage, and the 
results obtained in applying these routine carotene-determination 
methods to fresh green plant materials, alfalfa leaf meals, various 
grains, etc. These results are summarized in table 21. 


Nov. 1, 1938 


Carotene Content of Market Hays and Corn Silage 


667 


Table 21. — Summary of results on the carotene content of octtle feeds, given in this 


paper 



Carotene content per kilogram 

Feed 

Dry weight 

Weight as fed 


Range 

Average 

Range 

Average 

Green growing material; 

Milligrams 


Milligrams 

Milligrams 

Biuegrass 

424-662 

332 



Alfalfa 1 - 

271-412 


151 

A m'af'ftrifll" Alfalfa lAaf mAali? 


1- 40 

AriiiGUlall j tiilCU. XlidiOCilal. iKidL | 

Silage; Corn 

4-156 

50 


Alfalfa hay: 

Grade U. S. No. 1 in color 



19-121 
12- 20 

43 

15 

LTro-u© u* o* iNO# ^ ID color...... ......... 

Grade U. S. No. 3 in color 

Timothy hay: 




1- 11 

2 8- 36 

4 

21 

Grade U. S. No. 1 in color — , — « — 




8- 11 

9 

LtPSQ© U* O* iNO* A iU COlUI 

rirar^A TT R Nn S in nnlnr 




1“ 12 

5 

vJTlci^w U* O* ANU* O lUL ~ ~ ~ 

Carrots (yellow garden) 

268-1, 692 

914 

36-132 
2- 6 

91 

4 



0‘} 

oorii olOv Cl 

niArtaf 'hQ’ST /'TT ,Q XTa T) 



11- 43 


wlOvOr Udj \\J m O* INU* 







— — — — — ■ 


1 Samples not infested by leafhopper. 

2 1 apparently exceptional sample contained 8 mg of carotene per kilogram- 
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HOST-PARASITE RELATIONS IN RED CLOVER PLANTS 
RESISTANT AND SUSCEPTIBLE TO POWDERY MILDEW, 
ERYSIPHE POLYGONP 

By Oliver F. Smith 2 

Assista7it agronoinist, Division of Forage Crops and DiseaseSf Bureau of Plant 
Industry^ United States Department of Agriculture 

INTRODUCTION 

Plants of red clover, Trifoliurn pratense L., show wide differences in 
susceptibility to the powdery mildew fungus, Erysiphe polygoni DC. 
Most plants are highly susceptible and the fungus develops profusely, 
producing an abundance of superficial mycelium and conidia. There 
are, however, occasional plants on which there is no development of 
the fungus beyond spore germination and penetration into the host. 
Between these two extremes are plants upon which the fungus de- 
velops with different degrees of severity but which do not lend them- 
selves to a rigid classification because of the many gradations that 
exist between susceptibility and apparent immunity. 

In papers on the powdery mildews little has been recorded on the 
interaction between host and parasite in resistant and susceptible 
plants within a species. Smith (8) ^ and Hirata (1) have described in 
some detail haustorial development of several powdery mildew fungi 
but only on congenial host plants. Salmon (7) and Neger (2) have 
described the behavior of powdery mildew fungi on noncongenial 
host plants, but in their work plants of one species were inoculated 
with mildew from plants of other species. 

The object of these investigations was to obtain information on the 
nature of the interaction between the host Trifolium pratense and the 
parasite Erysiphe polygoni that would be of assistance in breeding red 
clover for mildew resistance. The different degrees of superficial 
development of the fungus on the host are obviously associated with a 
host-parasite relation that can be examined only by cytological 
methods. Therefore cytological studies have been made on the pene- 
tration of the fungus into the host and the fate of the infecting hyphae 
in the epidermal cells of plants showing different degrees of suscep- 
tibility or resistance. This work parallels some of that done on the 
rusts, but since the many papers dealing with host-parasite relations 
in that group of diseases have been comprehensively reviewed else- 
where (5, 6) it seems needless to consider them here except as they 
have a bearing on these investigations. 

MATERIALS AND METHODS 

Plants selected for these studies were for convenience arbitrarily 
placed in three classes, namely, susceptible, moderately resistant, 


1 Received for publication June 2, 1938; issued November 1938. Cooperative investigations of the Divi- 
sion of Forage Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and the 
Wisconsin Agricultural Experiment Station. 

2 The writer wishes to express his appreciation to Eugene Herrling, assistant in plant pathology, Wis- 
consin Agricultural Experiment Station, for preparing the photographs. 

3 Italic numbers in parentheses refer to Literature Cited, p. 682. 
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and highly resistant, according to the amount of mildew that de» 
yeloped on them as shown in figure 1. 

On susceptible plants, the fungus developed profusely and produced 
an abundance of mycelium over the surface of the leaves. The plants 
classified as moderately resistant occupied positions between the ex- 
tremes of susceptibility and resistance, and consequently the amount 
of fungus development on them differed considerably. On vigorously 
growing leaves of highly resistant plants there was no fungus develop- 
ment beyond spore germination and^ penetration into the underlying 
epidermal cell. On some plants in this class, mildew developed slightly 
on senescent leaves but a few individuals were observed on which no 
mildew developed at any stage of their life; the latter were considered 
immune. Higlily resistant plants are quite rare and therefore studies 
on that class were restricted to a few individuals, whereas in the 


Figure 1. — Leaves from red clover plants artificially inoculated with Erysiphe 
polygoni: Leaf from a highly resistant plant, showing no fungus develop- 

ment; jB, leaf from a moderately resistant plant, showing a moderate amount of 
fungus development and also a necrosis of leaf tissue following establishment 
of the parasite; C, leaf from a susceptible plant, showing abundant fungus 
development. X about 13 -^. 

susceptible and moderately resistant classes samples of infected 
leaves were taken from a large number of plants. In all the work 
reported here, only young, vigorously growing leaves were used, 
y The plants were grown in the greenhouse and inoculated by brush- 
ing spores from mildewed leaves onto uninfected ones with a cameFs- 
hair brush. Inoculations were made during March and April when 
abundant sunlight and a suitable greenhouse temperature, seldom 
exceeding 85° F., favored mildew development, 
y After inoculation, samples of leaf tissue were collected at 3-hour 
intervals for a period of 24 hours, then at 24-hour intervals for the 
next 3 days, and every fourth day thereafter for the following 2 w'eeks, 
and were fixed for 24 hours in Karpechenko^s modification of Nava- 
shin’s fixing fluid, consisting of equal parts of solution A (195 cc of 
water, 30 cc of glacial acetic acid, and 3 g of chromic acid) and solu- 
tion B (195_^ cc of water, 30 cc of formalin (37 percent formaldehyde)) 
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The process of dehydration and infiltration with parafiin was done 
according to the schedule given by Kawlins p, 21) ^ by the use of 
cedar oil following a series of alcohols of various concentrations up to 
95 percent. Sections were cut %ix and 8/^ in thickness.^ Staining with 
safraiiine and fast green gave satisfactory differentiation between 
host and parasite. Sudan IV and ruthenium red were used for staining 
the cuticle and cell walls. 

A modification of the cleared-leaf method described by Peace {3) 
was used for observing spore germination and early stages of infection 
on the leaves. Bits of leaf tissue were fixed in equal parts of alcohol 
and acetic acid until all the green pigments were removed; they were 
then stained in acid fuchsin in lactophenol, rinsed in alcohol-acetic 
acid (1:9), and cleared in cldoral hydrate for examination. 

Counts of spore germination on leaf tissue were made with the aid of 
an Ultrapak microscope. 

Since physiologic forms of Erysiphe polygoni on red clover have been 
reported (9) questions may arise regarding the purity of the mildew 
used. Unfortunately the plants by which these physiologic forms 
were diflorentiated no longer exist.^ The plants used for these studies 
were consistent in the amount of mildew that developed on them and 
in host-parasite relations, and it is therefore assumed that physiologic 
forms did not confuse the results. 

SPORE GERMINATION AND EARLY STAGES OP INFECTION 

Observations have shown that there are no difterences in percentage 
of spore germination or in the manner in which spores germinate, form 
appressoria, and effect penetration on the three classes of plants. 
Therefore the description of these processes applies to plants in any 
of the three classes. 

On susceptible plants 600 conidia out of 691 observed had germinated 
in 20 hours after inoculation; on moderately resistant plants 472 had 
germinated out of 575 observed, and on highly resistant plants 618 
had germinated out of 698 observed. The percentage germination on 
the three classes of plants was, therefore, 86, 82, and 88, respectively. 

Gross observations on spore germination and on early stages of 
infection were readily obtained on cleared leaves stained with acid 
fuchsin. Under favorable conditions spores begin to germinate about 
3 or 4 hours after being freed from conidiophores and coming to rest 
on the surface of a leaf. A germ tube grows out from one end of the 
spore and forms a well-defined appressorium (fig. 2, A and E), which 
becomes firmly attached to the leaf surface. Subsequently an infec- 
tion hypha enters the underlying cell and an infection pore is apparent 
at the point of penetration (fig. 2, B and F), The appressoria are of 
various shapes and sizes and may form anywheie on the surface of an 
epidermal cell, but are most frequently located at the edge of a cell 
or over the walls which separate these cells. They sometimes form 
over stomata, but infection hyphae have never been observed to 
enter through these openings. A septum is formed between the ap- 
pressorium and the spore (fig. 2, C). ^ Under favorable conditions a 
spore germinates, forms an appressorium, and effects penetration in 
about 5 to 7 hours. 
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Detailed observations on penetration were made on microtome- 
sectioned leaf tissue. After an appressorium is attached firmly to the 
surface of the leaf a slender infection hypha begins to penetrate the 
cuticle and outer cell wall. During the very early stages of penetration 
there is an apparent swelling of the subcuticular materials for some 
distance around the point of penetration, which causes a separation 
of the cuticle from the cell wall. Figure 3, A and F, page 676 shows 








Figure 2. — Cam era-1 iicida sketches of spore germination and early stages of 
infection by Erysiphe polygoni from cleared leaves of red clover; Ay B, C, and 
D, On a susceptible plant; Ey F, and G, on a resistant plant, a, Young appres- 
sorium from which penetration probably would have taken place into the 
underlying epidermal cell; 5, spore; c, germ tube; d, appressorium; e, infection 
pore; /, haustorium and surrounding sheath; g, infection peg in (h^ necrotic 
cell. X about 385. 

infection hypliae that have pierced the cuticle and are in the swollen 
subcuticular area. There is no apparent alteration of the cuticle. 
Other stages of infection are shown in figure d, B and G, where the 
infection hyphae have passed through the subcuticular region, entered 
the cell wall, and are somewhat enlarged at their distal ends. 

Concurrent with these early stages of penetration, an ingrowth 
from the cell wall, which appears to be an addition of new materials 
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to its imier surface, develops at eacli point of peiietratioii. In some 
cases tlie ingrowth extends over a third of the distance across the 
infected cell ; in others it is barely perceptible. The amount produced 
is usually a little less than that shown in figure 4, C page 678. "Rdiile an 
infection h}" pha is still within the cell wall and the ingrowth, a halo area 
(fig. 4, B) is often visible immediately around its tip, which indicates 
that these materials have been dissolved by the fungus as it pene- 
trated into the cell. The plasma membrane passes up the sides and 
over the end of this structure and is later invaginated by the invading 
fungus. 

INFECTION OF SUSCEPTIBLE [PLANTS. 

An infection hypha, after making its way througli the ingrowth of 
the cell wall, develops into a simple haustoriuni. This absorption 
organ consists of a slender neck, which passes tliroiigh the wall of tlie 
epidermal cell and enlarges into a vesicular, distal portion, the in- 
growth of the wall forming a collar which surrounds and accompanies 
the neck for some distance into the cell (fig. 3, D and E), The haus- 
torium is uniseptate, uninucleate, and surrounded, by a well-defined 
wall. 

Around the haustoriiim is a conspicuous thick slieath containing 
a considerable amount of dark-staining, somewhat granular material, 
which is frequently gathered into irregular masses varying in extent 
and outline. This material often makes it difficult to see the septum 
in the haustoriiim. No evidence was obtained concerning the nature 
of this granular substance. 

Surrounding the haustoriiim sheath is a conspicuous membrane 
which in early stages sometimes appears to be connected with the 
ingrowth of the cell wall, but in later stages becomes separated from 
the ingrowth and thus establishes itself as being independent of that 
structure (fig. 3, E). It is difficult to determine the exact nature of 
this sheath membrane. In early stages it is very thin and undoubt- 
edly consists largely of plasma membrane, but in older stages it 
appears too thick to consist of plasma membrane alone, as suggested 
by Smith (8), unless the plasma membrane has become decidedly 
thickened along that portion surrounding the sheath. It appears 
more likely to have been produced by the plasma membrane of the 
host. ^ This is in agreement with observations of a number of other 
investigators whose works have been reviewed by Eice (<5, 6). 

The host cell nucleus moves toward the invading fungus. Wliile 
stained slides were being examined for successive stages in the develop- 
ment of haustoria it w^as noted that the host nucleus was nearly 
always located near the invading fungus and had in all probability 
migrated to that position. In entire leaf tissue which was cleared 
and stained the host nucleus was never located away from the haus- 
torium sheath, whether the haustorium was at the center of the cell 
or at one side of it. This is apparently the usual relationship between 
host nucleus and fungus haustorium, as Eice (5) lists 23 cases of 
habitual contact against 9 cases of occasional contact and 3 negative 
cases. 

On susceptible plants there is no apparent antagonistic reaction 
between host and parasite. The fungus develops rapidly, and the 
contents of the invaded host cell appear to be as well organized as 
the contents of noninfected ones. 
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On a susceptible host, a spore germinates, forms an appressorium, 
penetrates into the host, and develops a haustorium in about 9 hours 
after inoculation (fig. 2, B), Another hypha then grows out from 
the other end of the spore (fig. 2, G) and develops into branching ! 



mycelium which spreads over the surface of the leaf, forming appres- 
soria and developing haustoria in the epidermal cells of the host. 

Additional mycelium may also develop from the spore and in some i 

cases from the first-formed appressorium. Figure 2, D, shows an | 

18-hour-old infection where the spore has formed a haustorium in 1 
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another appressorinm at a, where penetration into the undeii^hng 
cell with the formation of a haustorium is expected. The mycelium 
continues in this fashion to spread over the surface of the leaf, form- 
ing appressoria and haustoria and eventually conidiophores and 
conidia. Sporulation begins about 5 or 6 days after inoculation. 
Leaves of a congenial host plant will support a heavy growth of mildew 
for about 3 weeks, after which the leaves gradually become irregularly 
chlorotic and die. 

INFECTION OF HIGHLY RESISTANT PLANTS 

On a highly resistant host the parasite seldom develops further than 
the formation of an appressorinm and the production of an infection 
hypha (fig. 2, G), The germ pore is formed on the lower side of the 
appressorium and an infection hypha enters the undeiiymg epidermal 
cell as shown in figures 2 and 3. As the infection hypha enters the 
host cell there is a decidedly antagonistic reaction between host and 
parasite. The cytoplasm of the host stains heavily and appears to 
have undergone some degree of disorganization around the point of 
infection. In some instances tliis reaction is in evidence even before 
penetration into the cell is complete. Figure 3, 0, shows an early 
stage of infection where the cell contents stained heavily before the 
fungus had actually entered the cell. Because of the small size of the 
3mung infection hypha it is impossible to determine whether there is a 
similar effect on the parasite at this stage of development but, if so, 
it is not severe enough to stop the progress of the fungus. As the 
infection hypha grows into the cell protoplast, apparently by an 
invagination of the plasma membrane, the antagonistic reaction 
becomes more intense (fig. 3, H) and within 48 hours after inoculation 
the entire contents of the cell and the infection hypha become dis- 
organized masses of dark-staining granular materials (fig. 3, 1) and the 
infected cell, as well as the spore and appressorium, collapses (fig. 4, G 
and H ) . An infection hypha seldom develops into more than a slender 
infection peg (fig. 4, F), although a few instances have been ob- 


EXPLANATOEY LEGEND FOR FIGURE 3 

Figure 3.— Camera-lucida sketches of infection of epidermal cells of leaves of 
red clover by Erysiphe polygoni: A, C, 2>, and E, On susceptible plant; F, G, 
H, and I, on resistant plant. X about 930. 

A. — Infection hypha (a) has pierced cuticle (h) and swollen subcuticular area 
(c) and entered cell wall (d). Note incipient ingrowth of cell w^all at e. 

B. — Infection hypha {a) has entered ingrowth of cell wall (6) and is slightly 
enlarged at its distal end. Nucleus of host cell is near point of penetration. 

C. - — Infection hypha (a) has passed nearly through ingrowth of cell wall (5), 

7). — Fully developed haustorium (a) wuth sheath membrane (5), sheath (c), 

and septum (d). Ingrowth of cell w^all (e) forms collar around neck of haus- 
torium. Host penetration and development of haustorium are accomplished in 
about 9 hours after inoculation. 

E. — Infection about 12 days old, showing haustorium sheath membrane (6) 
separated from ingrowth of cell wall (a). Note granular material in haustorium 
sheath in D and E. 

F. — Infection hypha (c) has pierced cuticle (a) and is nearly through swollen 
subcuticular area (&). Note incipient ingrowth of cell wall at d, 

G. — Infection hypha (a) is nearly through ingrowth of cell wall, and host 
cytoplasm has stained deeply near point of penetration. Host nucleus (6) is 
near point of penetration. 

H. — Infection hypha (a) , which stained heavily, has entered cell and is sur- 
rounded by heavily stained granular materials of host cell. 

I. — -Infection approximately 36 hours old. Infection hypha and cell contents 

- - and are apparently dead. 



Figure 1-FOR EXPLANATORY LEGEND SEE OPPOSITE PAGE 
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served in which the infection hypha had become slightly enlarged at 
its distal end before the progress of the fungus was checked. Working 
with certain biological forms of Erysiphe and resistant hosts^ Salmon 
(7, p, 220), found that incipient haustoria were sometimes formed 
but were— 

arrested and gradually disorganized under the influences at work in the cell of 
the “wrong” host-plant, or if the haustorium attains its full size it is hindered by 
these influences from carrying on its normal functions, and thus supplying to the 
fungus the food necessary for the production of mycelium, etc. 

Injury to cells surrounding the infected one differs with individual 
plants. In some cases only the infected cell becomes necrotic, with 
no apparent adverse effects on the surrounding cells (fig. 4, G and H). 
In other cases cells adjacent to the infected one are killed and small 
brown necrotic areas are produced which are readily observed with 
the aid of an Ultrapak microscope but which cannot be seen macroscop- 
ically . A few plants have been observed in which sufficient cells became 
necrotic around each point of infection to produce macroscopically 
visible flecks on the leaves. It seems that in plants in which only the 
infected cell is killed, the host-cell contents become coagulated before 
the effects of the antagonistic interaction between host and parasite 
are transmitted to the surrounding cells. In plants that show death 
of a few cells in addition to the infected one, the effects of the host- 
parasite interaction are probably transmitted to those cells and cause 
their death. Whatever factor or factors may cause this antagonistic 
reaction, they are severe with highly resistant plants, less severe with 
plants possessing an intermediate degree of resistance, and appar- 
ently lacking with highly susceptible plants. Cytological investiga- 
tions have not revealed their identity. 

In resistant plants there is evidence also that the host cell nucleus 
moves toward the invading hypha. It was difficult to identify the 


EXPLA.NATORY LEGEND FOR FIGURE 4 

Figure 4. — Photomicrographs of different stages of infection on leaves of red 
clover plants by Erysiphe polygoni, 

A, Early stage of infection on susceptible plant, showing infection hypha in 
ingrowth of cell wall. X about 880. 

B, Early stage of infection on susceptible host, showing halo region around 
end of infection hypha in ingrowth of cell w^all. X about 880. 

C, Fully developed haustorium, with its sheath and sheath membrane, in 
epidermal cell of susceptible plant; X about 880. 

D, Early stage of infection on resistant plant, showing very early development 
of ingrowdh of cell wall and swelling of subcuticular materials which has caused 
a separation of cuticle from cell w^all around point of penetration. Infection 
hypha has pierced cuticle and is in swollen subcuticular area. X about 880. 

By Young infection on resistant plant, showing dark-stained cytoplasm imme- 
diately below infection hypha, which is still in ingrowth of cell wall. X about 880. 

F, Infection approximately 36 hours old on resistant plant. Infection hypha 
has entered host cell but has only developed into a slender peg. Both infection 
hypha and cell contents are granular and have stained heavily. X about 880. 

Gy Infection 7 days old on highly resistant plant. Infected cell has collapsed; 
no apparent injury to surrounding cells; X about 590. 

H, Infection'20 days old on highly resistant plant. Infected cell has collapsed; 
no apparent injury to surrounding cells. X about 590. 

I, J, and F, Infections 8, 12, and 18 days old, respectively, on moderately 
resistant plant that showed extensive necrosis of leaf tissue followung infection. 
J, Infected cell has collapsed; underlying palisade cells are necrotic. Infected 
cell at right had not collapsed when this material was fixed. X about 400. /, 
Several epidermal and palisade cells have collapsed. X about 400. K, Necrosis 
and collapse of cells has occurred through leaf. X about 250. 
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host nucleus after the early stages of infection because of the dis- 
organization of the host protoplasm, but when identifiable it was 
near the inyading fungus. 

INFECTION OF MODERATELY RESISTANT PLANTS 

Between the extremes of susceptibility and resistance are plants 
upon which the fungus develops with different degrees of severity but 
which cannot be rigidly classified because of the many gradations 
that exist. Furthermore, experience has showm that when light is 
aWndant the development of mildew on these plants increases, but 
with decreased light there is a smaller amount of mildew. How- 
ever, the plants considered here as showing an intermediate or moder- 
ate degree of resistance did so under the seemingly optimum con- 
ditions for mildew development in which the highly resistant and highly 
susceptible plants w^ere studied. On plants approaching a high degree 
of resistance, growth of the fungus is barely perceptible to the unaided 
eye and very few conidia are produced. On plants of greater suscep- 
tibility, growth of the fungus increases and there is also an increase in 
the number of conidia produced. Sectioned leaves of these plants 
showed that haustoria are produced in the epidermal cells, but on the 
more resistant plants they are not as large as those in epidermal cells 
of highly susceptible plants. With the exception of one plant, which 
will be considered later, there was little indication of adverse effects 
from host-parasite reaction on infected host cells except on plants 
approaching a high degree of resistance. In these cases the cyto- 
plasm stained a little darker than in susceptible plants and appeared 
to be granular and somewhat disorganized. 

One plant was observed that showed a distinct type of host reaction 
(fig. 1, jB), but because mildew developed on it only in moderate 
amounts it is considered here with the class of moderately resistant 
plants. Wlien this plant was inoculated, the fungus became estab- 
lished in a manner similar to that described for susceptible plants, and 
maintained a seemingly congenial relationship with the host plant for a 
short period. A considerable amount of mycelium and many spores 
were produced, sporulation begmning about 6 days after inoculation. 
After about 8 days, small brown necrotic spots developed on the 
leaves. At their earliest stages of development these spots involved 
only the infected epidermal cell and the underlying palisade cells 
(fig. 4, /). These spots increased in size quite rapidly, and about 12 
days after infection several epidermal and palisade cells collapsed 
(fig. 4, J). Eighteen days after infection these necrotic areas extended 
entirely through the leaf (fig. 4, X), and because of increase in size 
they coalesced, and the death of the leaf soon followed. There can 
be little doubt that infection of epidermal cells initiated the develop- 
ment of these spots, as leaves of this plant kept free of inoculum showed 
no signs of necrosis. 

Sectioned leaves of this plant showed that the collapse of cells was 
preceded by the deposition of a yellowish substance chiefly along the 
walls, first in the infected epidermal cell, then in the surrounding 
cells. By the time the infected epidermal cell had collapsed, the 
deposition of this substance and cell necrosis had extended into the 
underlying palisade cells (fig. 4, 1): Necrosis and collapse of palisade 
and spongy parenchyma cells continued to spread throughout the 
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tissues in tlie vicinity of the infected cell (fig. 4, J) and eventually 
the necrotic area extended throughout the leaf (fig. 4^ K). It appears 
that the antagonistic reaction between host and parasite was not 
severe enough to cause immediate death of either and that during the 
prolonged interaction an opportunity was afforded for the effects of 
this interaction to be transmitted to surrounding cells, causing re- 
actions within them which eventually brought about their death. 

SUMMARY 

Eesults are reported of cytological investigations on infection and 
development of Erysiphe polygoni on susceptible, moderately resistant, 
and higlily resistant red clover plants. 

Early stages of infection were the same on the three classes of 
plants. Spores germinated, formed appressoria, and penetrated di- 
rectly into epidermal cells of the host leaf. Concurrent with the 
early stages of penetration, an ingrowth of the wall developed at 
each point of penetration. 

On susceptible plants an infection hypha, after entering a cell, 
developed into a simple haustorium. This absorption organ con- 
sisted of a slender neck that passed through the wall of the epidermal 
cell and enlarged into a vesicular distal portion, the ingrowth of the 
cell wall forming a collar that surrounded and accompanied the neck 
for some distance into the cell. The haustorium was surrounded by 
a thick sheath containing a considerable amount of dark-staining, 
somewhat granular material. This sheath was in turn surrounded by 
a conspicuous membrane. 

On highly resistant hosts, an infection hypha entered an underlying 
epidermal cell, but its progress was soon stopped because of an antag- 
onistic reaction between host and parasite. The cytoplasm of the 
host stained heavily and appeared to undergo some degree of dis- 
organization around the point of infection, in some cases even before 
penetration into the cell was complete. As an infection hypha grew 
into the cell protoplast the antagonistic reaction became more intense, 
and finally the entire contents of the cell, as well as the infection 
hypha, became disorganized masses of dark-staining material ynd the 
infected cell ultimately collapsed. In some plants only the infected 
cell became necrotic, with no apparent adverse effects on the sur- 
rounding cells. With other plants, however, cells adjacent to the 
infected one became discolored and smaU brown necrotic areas were 
produced. 

On moderately resistant plants, the fungus established itself in 
much the same maimer as on highly susceptible ones and was able to 
maintain what appeared to be a fairly congenial relatioiiship with the 
host plants. Growth on the surface of the plant varied with indi- 
viduals, being roughly in proportion to the degree of susceptibility 
possessed by the plant. One plant was observed that showed an 
extensive necrosis of leaf tissue following infection. The fungus 
established itself and maintained a seemingly congenial relationship 
with the host for a period of about 8 days, after which necrotic spots 
appeared on the leaves. These increased in size, coalesced, and 
eventually killed the leaf. 

m The host nucleus moved toward the invading fungus in both resistant 
and susceptible plants. 
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DIFFEEENTIATION OF WOOD-DECAYING FUNGI BY 
THEIR REACTIONS ON GALLIC OR TANNIC ACID 
MEDIUM 1 


By Ross W. Davidson, associate mycologist, W. A. Campbell, assistant pathol- 
ogist, and Dorothy" J. Blaisdell, junior pathologist, Division of Forest Pathol- 
ogy,^ Bureau of Plant Industry, Vniled States Department of Agriculture 

INTRODUCTION 

In a study of only a few wood<lecaying fungi Bavendamm found 
that those species causing white decay formed a dark diffusion zone 
or ‘korona” under the fungus mats when grown on media contain- 
ing small amounts of gallic or tannic acid, whereas those causing 
brown checked decay gave no such reaction. The brown diffusion 
zone was considered to be the result of oxidation of the acids, and 
hereafter this reaction will be referred to as “oxidase” reaction. 
Bavendamm also pointed out the effect of various concentrations of 
the acids on growth of the several species and suggested the use of 
such reactions for identification purposes should they be found con- 
sistent for a greater number of species. 

Campbell ^ recorded the oxidase reactions of species of Fotnes on 
tannic acid medium and found them to be consistent with Baven- 
damm’s prediction. 

It is the purpose of the present paper to give results of repeated 
tests of a greater number of species, representing several families and 
numerous genera, mostly of the Hymenomycetes. The above-men- 
tioned tests have been used to assist in developing a method of 
identifying pure cultures of the wood-decaying fungi. Many such 
fungi have been isolated from decay in living trees on which no 
sporophores occurred. Such a test as the oxidase reaction, which 
separates the species into two distinct groups, is, when combined 
with numerous macroscopic and microscopic characters, very useful. 

' The fact that the media used for the oxidase test also have a toxic 
: effect on some snecies and not on others makes them of even greater 
value for identification purposes. 

Growth rates, as well as oxidase I’eactions, of the fungi liave been 
T*ecorded on media of only one concentration, namely 0.5 percent of 
gallic or tannic acid added to plain malt agar as recommended by 
Bavendamm, although it is realized that other coneentrations miglvt 
give additional information of value. 


^Received for publication June 9, 1938; issued November 19.38. 

-In cooperation wUb the Civilian Conservation Corns. The authors express their appre- 
ciation to Dr. L. O. Overholts, of the Pennsylvania State College and Asriciiltiiral Experi- 
ment Station, for his Jr^terest and cooperation. 

SBAVENDAMMj, W, "iiBER DAS VORKOMMEN UND DEN NACHWEIS VON OXYDASEN BET 

holzzerstOeenden pilzen. Zuschr. Pflanzenkrank. u. Pflanzenschutz 38 : [257J-276, 
illus. 1928. 

4 Campbell, W. A. the cultural characteristics op the species op pomes. Bull. 
Torrey Bot. Club 65 : 31~69, illus. 1938. 
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SOURCE OF CULTURES 

The cultures of the different fungi, the majority of which are wood- 
decaying, used to determine the oxidase reaction ^ of the various 
species, were those previously identified and maintained in a collec- 
tion by the Division of Forest Pathology.^ Most of the isolates were 
from tissue of sporophores that had been carefully identified, many 
of them by L. O. Overholts, or from incipient decay with which 
identifiable sporophores were associated. Since isolates from these 
two sources react alike in culture, no indication is given in the list 
as to what proportion of the cultures used for each species were 
from sporophores. A few may not be definite wood decayers, but 
since they were associated with dead or decaying wood, they are 
included to make the study as complete as possible. 

METHODS 

The oxidase test is made by gro\ying the fungus to be tested on 
malt agar to which gallic or tannic acid has been added. Gallic 
acid medium was prepared by the addition of 0.5 percent of gallic 
acid (Mallinckrodt, U. S. P. crystallized) to malt agar (1.5 percent 
of Difco malt with 2 percent of agar). Twenty grams of powdered 
agar and 15 g of Difco malt were dissolved in 850 cc of water in a 
2-liter flask. One hundred and fifty cubic centimeters of water was 
placed in a separate flask. The dissolved malt agar and the flask 
of water were autoclaved for 20 minutes at a pressure of 15 pounds. 
Five grams of gallic acid was dissolved in the flask of sterilized 
water after removal from the autoclave. Heating gallic or tannic 
acid with agar causes hydrolysis of the agar ; therefore the two can- 
not be autoclaved together. When the malt agar had cooled so that 
it could be handled without burning the hands, the gallic acid solu- 
tion was added and thoroughly mixed. The resulting gallic acid 
medium was tlien quickly poured into 9-cm Petri dishes, albout 35 cc 
to each dish. The dishes were spread in a single layer to insure 
rapid cooling. Gallic acid does not change the color of malt agar. 
Tannic acid medium was prepared in a similar manner, using 0.5-per- 
cent tannic acid (Mallinckrodt, IT. S. P., powdered) . This medium 
has a milk-white appearance. 

In order to determine the effect of old and young mvcelium on 
gallic and tannic acid media, two series of tests were made in which 
1-year-old cultures and 2-month-old cultures, respectively, were used. 
Cultures of these different ages were used to see whether the older 
cultures had accumulated oxidases, which might -oroduce stronger 
reactions. Results indicated that age of cultures beyond 2 months 
made little difference in reaction or rate of growth, as long as the 
cultures were still vigorous. Reactions are reported as averages, 
while in the case of growth the usual range in diameter of mat 
is given. ", 

Gallic and tannic acids appear toxic to many fungi, and conclusive 
results seemed to depend upon the growth of the fungus on the media. 
For this reason large pieces of inoculum, 4 to 6 mm square, with as 

® A nuinber of tlie cultures in tlie reference collection were contributed by L. 0. Over- 
bolts, Irene Mounce, Clyde Christensen, and Eay R. Hirt, 


Nov. 1, 1938 Reaction oj Fungi on Gallic or Tannic Acid Medium 


685 


much fungus material as possible, were placed, mycelium doAvii, on 
the agar and pressed gentlj^ in order to make close contact. When 
working with slow-growing fungi, from one to three inoculations 
of the same species were made in a single dish. Several commercial 
brands of gallic and tannic acids were tested to determine whether 
different sources of these acids would give comparable results. In 
general, the oxidase reactions were consistent but the growth rates 
valued considerably. Because of evident differences in commercial 
gallic and tannic acids, when comparing growth and to a lesser extent 
oxidase reactions of different fungi, it is important to use acids from 
the same commercial sources. 

All the fungi, with the exception of a few recent accpiisitions were 
tested for the oxidase reaction at least three times over a period of 
2 years. The reactions and, to a lesser extent, growth (table 1) 
have appeared relatively consisteht. 

Observations upon the intensity of reaction and growth of my- 
celium were made at the end of 7 days for cultures kept in diffused 
light at room temperature (about 25° C.). In doubtful cases the 
cultures were kept for an additional 7 days. Most fungi that reacted 
with the acid media gave conclusive results at the end of 7 days. 
However, a number produced strong diffusion zones at the end of 
1 or 2 days. 

RESULTS 

REACTION AND GROWTH DATA 

The appearance and relation of the brown diffusion zone to the 
fungus mat, as well as the time required for its development, varied 
widely with different species. The following system was used to 
record the reactions of the different species to gallic and tannic acid 
media : 

— , Negative, no brown diseoloration of the agar nnder or about the mat.* 

4-, Diffusion zone light to dark brown, formed under inoeiiluin at center of 
mat and visible only from under side of dish. In case no growth takes place, 
a faint brown discoloration nnder the inocnliini. 

4-+, Diffusion zone light to dark brown, formed under most of mat but not 
extending to margin. Visible from under side only. 

4-4-4", Diffusion zone light to dark brown, extending a short distance beyond 
the margin of the mat and visible from the upper side. 

Diffusion zone dark brown, opaque, extending considerably beyond 
margin of fungus mat. 

Diffusion zone very intense, dark brown, opaque, forming a wide 
corona about mat. Usually such intense reactions occur with species giving 
no growth on the medium, and are most common on gallic acid medium. 

Usually the brown diffusion zone which formed under the fungus 
mat would conform to one of the foregoing types. Occasionally a 
species gave a reaction that did not definitely fall into any of these 
groups; in such cases special mention is made. 

The species of fungi showed interesting growth differences on malt 
agar containing 0.5 percent of gallic or tannic ackd. These differ- 
ences were caused the toxicity of the acids. The following system 

® Certain negative reactors cause decolorization of tlie medium tmder the mat. This de- 
colorized zone, which forms most distinctly on tannic acid medium, should not be con- 
fused with the brown diffusion zone of typical reactors. 
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was used to record growth data: 0, no growth; tr., trace, .growtli 
confined to inoculum; 10 , 15 , etc., colony diameters in millimeters. 
Since growtli rates W'-ere taken at room temperatures and are variable, 
they are expressed as a range rather than as an average. 

Analysis of growth and reaction data at 7 days showed that the 
different fungi tested on gallic and tannic acid media could be 
classified into 10 fairly distinct groups. The behavior group for 
each individual fungus is given in the last column in table 1. Since 
this classification is based on growth in relation to type of reaction, 
no attempt was made to classify those species giving both positive 
and negative reactions on the same medium. A description of the 
groups and the number of fungi in each are given on pages 689 - 693 . 

TABI.E 1 . — Reaction and groivtJi of icood-decaying fungi on gallic and tamiic acid 
media, at the end of 7 days 


Fungus 

T 3 rpe of 
decay 

Isola- 

tions 

On gallic acid 
medium 

On tannic acid 
medium 

Growth 
and re- 
action 
group 
No.i 

Eeaction 

Gro wth 

Reaction 

Growth 



Num- 






Thelepboraceae: 


her 


Mm 


Mm 


Conionhora cerebella Pers 

Brown. 

5 

— 

30-50 

— 

20-35 

1 

C. sufocata (Peck) Massee 

...do 

2 

-- 

45-60 

__ 

15-20 

2 

Corticmm confluens Fr 

White.. 

2 

+++ 1 

0 

4444 

Tr. 

4 

C. coeruleum (Schrad.) Fr 

...do 

1 

2 — to 

30 

4- 

Tr. 

9 

C. (jalartlmim (Fr.) Burt 

...do.... 

2 

+4-4-+-f 

Tr. 

4+4 

20-40 

6 

C. hifdnans (Scliw.) Burt 


1 

+++- 1 “ 

0 

444 

10 

5 

C. invesHens (S,Qhw.) Bres 

White-- 

1 

+++++ 

Tr. 

+++ 

20 

5 

C. lividum Pers.. 

—do,... 

3 

4.+4..j_ 

25-45 

444 

20-30 

7 

Oiifidia salicina (Fr.) Burt 


1 


0 

444 

Tr. 

4 

Idymenochdcte agglutinans Ellis.. 


2 


Tr.-30 

444 

30-50 

8 

if. coTTugata (Fr.l L 6 v 

White.. 

1 

+++++ 

15 

+++ 

45 

8 

H. curisii (Berk.) Morgan 

...do 

1 

•4-'4-+4'4' 

20 

+444 

20 ! 

7 

IL rubiginosa Dick, ex L 6 v 

White 

6 

++++ 

Tr.-15 

+++ 

Tr.-lO 

7 


pocket. 







H. tabadna Sow. ex L§v 

White... 

5 

+4*+++ 

20-35 

++ 

20-50 

7 

Peniophora allescheri Bres 

—do.... 

1 

+++4- 

0 

444 

Tr. 

4 

P. dnp.fen. fPers.) Oonke. _ 

...do.— 

2 


Tr. 

444 

35 

6 

P. cocdTieo-fulva (Schw.) Burt 


1 

4-4-4-4- 

35 

++ 

Tr. 

9 

P. gigantea (Vv .) Massee 


1 

24 - 

10 


0 

9 

P mcarnata (Pers.) RTarst. , _ 


2 


Tr .-20 


25-40 

8 

P. nuda (Fr.) Bres 

White.. 

1 

4-+4-4-+ 

15 


35 

8 

P pnbp.rn (Fr ) fin , or 

___do 

3 


15-40 


20-60 

7 

Stereum albobadium (Schw.) Fr__ 

...do 

1 

4-4-4-+4' 

Tr. 

444 

50 

6 

fasdatum Schw 

...do 

5 

+ 4 . 4 . 4 . 

15-40 

444 

20-50 

7 

P. frustulosum (Pers.) Fr 

White 

13 


25-45 



1 


pocket. 





20-35 1 


S.fuscum Schrad. ex Qu61 

White-. 

3 

4-4-4-4- 

Tr.-lO 

— 

0 

9 

S. gausapatum Fr 

___do 

12 

+ 44 + 

10-25 

I ...j — j — ^ 

25-35 

7 

S. munayi (Berk, and Curt.) Burt 

...do 

6 

4444 

0 

+++ 

Tr.-lO 

5 

(S', pint Fr... 

...do 

2 

44444 

Tr. 

4 ++ 

20-40 

6 

8. purpureum Pers 

___do 

4 


0 -tr. 

444 

25-40 

6 

S. rameale Schw 

...do 

10 

4444 

20-50 

444 

■ 35-60 

7 

8. roseo-carneum (Schw.) Fr 

...do 

1 

44444 

Tr. 

444 

25 

5 

8. rugosiuscvlum Berk, and Curt 

...do 

1 

444 

0 

4 + 

40 

6 

8. sericeum Schw 

do.„_ 

1 

4444 

Tr. 

444 

25 

5 

S. subpileatum Berk, and Curt. 

White 

10 

3 — to 44 

10-15 


10-20 



pocket. 







(S. upadippum Fr 

White.. 

3 

4444 

Tr.-20 

444 

25-40 

6 

8. sulcdtum Burt 

White 

1 

44444 

0 

44444 

10 

I 


pocket. 







S. umbrinum Berk, and Curt 

White.. 

1 

2 - to-f- 

35 

+++ 

25 

7 

Hydnaeeae: 








Pchmodontium tinciorum Ell, and 

—do. 

5 

4444 

0 

4H — H 

Tr. 

4 

Ev.-, 








Hydnum caput^ursi Fr 

—do.... 

2 

4444 

0 

44 

0 

4 

H. corotloides Scop — _ 

...do 

2 

4444 

0 

44 

0 

. 4 

JJ. m*nocaw« Bull 

—.do 

20 

4444 

0 

to -j — { — f- 

O-tr. 

■ ■ 4 

IL ochraceum Pers 

_._do 

1 

444 

0 

++ 

0 

1 ■ 4 

IL puicfierrinun IBeTk., and Curt. 


2 

65-80 

0 

3 

H. sepUntriomle Fr.. 

White.. 

4 

++ 

0 

44444 

Tr. 

1 ■ 4 


See footnotes at end of table. 
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Table 1. — Reaction and growth of wood-decaying fungi on gallic and tannic acid 
media, at the end of 7 days — Continued 


Fungus 

Type of 
decay 

Isola- 

tions 

On gallic acid 
medium 

On tannic acid 
medium 

Growth 
and re- 
action 

Reaction 

Growth 

Reaction 

I Growth 

group 

No. 

Hyduaceae— Continued. 

Irpex cinnamomeus Fr 

White- 

Num- 

ber 

S 

++++ 

Mm 

Tr.-lO 

+++ 

Mm 

25-35 

6 

/. 7/io/lis Berk, and Curt 

...do— 

r> 


0 

+++ 

20-30 

6 

Phiebia strigosazonata Schw 

— ,do 

3 

+++++• 

0 

++++ 

20-30 

6 

Radulum orbiculare Fr 

— -do— .. 

1 

++++ 

0 

+++ 

Tr. 

4 

Polyporaeeae: 








Daedaiea ambigua Berk 

-.do— 

.1 

4*++++ 

0 

++++ 

15-20 

Tj 

I), confragosa (Bolt.) Fr — 

...do— 

f) 

++++ 

0 

++4-++ 

10-30 

r 

I), juniperina Miirr 

Brown. 

fi 


20 


Tr. 

3 


...do 

13 



20-30 


20-30 

1 

I), unicolor (Bull.) Fr 

White.— 

3 

+++ 

0 

+++ 

20-35 

6 

Favolus canadensis Klotz 

...do 

2 

++++ 

0 

++++ 

10 

5 

Fisiulina hepatica (Huds.) Fr 

Dark 

15 


15-20 


10-25 

1 

Pomes annosus (Fr.) Cooke 

firm. 

W^hite- 

5 

++++ 

0-tr. 

+++ 

Tr.-lO 

5 

F. applanatus (Pers.) Cxill 

.—do 

22 

+++ 

++++ 

0-10 


10-20 


F. caUdnsn (Murr.) Sacc. and 

—.do 

4 

0-tr. 

++++ 

10 

5 

Sacc. B. 








F. conchatus (Pers.) Gill 

...do 

9 

-f+P 

0-t.r. 

+++ 

Tr. 

4 

F. connatus (Weinm.) Gill 

-—do 

2 

H-f 

0 

^+ 

0 

,4' 

F, densus Lloyd 

F. everhartii (Ell. and Gall.) 

o d 

4 

26 

+++ 

++++ 

Tr.-lO 

0 

+++ 

++++ 

0-tr. 

10-15 

7 

5 

Schrenk. 








F. fomentarius (L.) Gill 

.—do 

12 

+++ 

0 

++++ 

10-20 

5 

F. fraxineus (Bull.) Cooke 

—do. 

2 

+++ 

0 

+-1 — 1-+ 

L5-20 

5 

F. fraxinophUus (Peck) Sacc 

F.fulvus (Scop.) Gill— 

...do 

9 

++++ 

H-+++ 

2- to 4-++ 

Tr.-lO 

^+++ 

+++ 

2- to + 

Tr.-15 

7 

—do— 

1 

Tr. 

25 

6 

F. geotrop'us Cooke 

—do— 

2 

35-40 

10-15 

9 

F. igniarius (L.) Gill 

—do— 

6 

++ 

+++ 

0 

+•++ 
+++ + 

Tr. 

4 

F. igniarius yar. laevigatus (Fr.) 

—do... 

4 

0-15 

Tr.-20 

5 

Overh. 








F, igniarius var. populinus (Neu.) 

...do... 

6 

+++ 

Tr.-lO 

+++ 

Tr. 

4 

Campb. 








F. lobatus (Schw.) Gooke_ 

—do... 

6 

+4-4- 

4-+4-4' 

0-10 

+++ 

++++ 

10-30 

5 

F. marmoratus Berk, and Curt-.- 

--.do... 

2 

0 

10-15 

5 

F. meliae (Underw.) Kiirr 

Brown. 

2 


20-45 


15-30 

1 

F. officinalis (Vill.) Faull 

...do... 

2 

5~tO + 

10 

— 

0 


F. ohiensis (Berk.) Murr 

W'hite.. 

1 

4“ 4- 4" 4- 4" 

0 

+ +++ 

0 

4 

F. pini (Thore) Lloyd. 

■White 

13 

4-4-4-4- 

Tr.-15 

+++ 

Tr,-15 

7 

F. pinicola (Sw.) Cooke 

pocket. 

Brown. 

26 



15-30 


10-20 

1 

F. rimosus Berk 

WTiite- 

10 

4*4- 

0-10 

+ + 

0-tr. 

4 

F. robustus Karst — 

— do... 

6 

4-4-4-4- 

Tr. 

"i — 1 — 1"+ 

10-25 

Tr. 

5 

F. robustus var. tsugina (Murr.) 

-.-do.-. 

3 

-l"h4'4-4“ 

0-tr. 

++++ 

4 

Overh. 








F. roseus (Alb. and Schw.) 

Brown. 

11 

s_to4-|- 

15-25 

«-to+ 

Tr.~15 


Cooke. 







F. scutellatus (Schw.) Cooke 

W^hite.. 

4 

4-4-4-+ 

0 

+++ 

0-15 

5 

F. subioseus (Weir) Overh 

Brown. 

3 

5-tO+ 

+++++ 

25-30 


10-25 


F. tenuis Karst 

White 

3 

0 

+-r++ 

Tr.-lO 

5 

Sterile Fames on birch 

pocket. 

White.. 

13 

+++ 

0 

+++ 

Tr.-15 

5 

Lenzites betulina (L.) Fr 

...do... 

3 

++++ 

Tr. 

+++ 

30-45 

6 

L. saepiaria (Wulf.) Fr 

Brown. 

6 

10-15 

Tr. 

3 

L. stnata (Sw.) Fr 

...do 

1 


25 


10 

2 

3 

L. trabea (Pers.) Fr. 

...do... 

4 

— 

20-30 


0-tr. 

Merulius eonffuens Schw.. 

White.. 

1 

®+ 

20 

— 

0 

9 

M. tremellosus (Schrad.) Fr 

...do... 

7 

++-b++ 

0-40 

++++ 

20-40 

7 

Polyporus abietinus (Dicks.) Fr,. 

White 

1 

++++ 

0 

+-}“++ 

Tr. 

4 

P. adusfus (\Yilld.) Fr 

pocket. 

White... 

6 

2-tO++ 

20-40 

+ 

15-25 

■ 7 

P. albellus Peck 

...do 

6 

+++++ 

+++ 

0 


Tr.-lO 

5 

P. alboluteus Ell. and Ev 

White fi. 

1 

55 

+++ 

60 

7 

P. amygdalinus Berk, and Rav— _ 

Brown. 

2 


40 


40 

1 

P. ance'ps Peck — 

White.. 

10 

++ +++ 

0-tr. 

*++++ 

Tr.-25 

5 

P. arcularius (Batsch.) Fr. 


1 

++++ 

5 — tO+ 

++++ 

Tr. 


35 

6 

P. baf.sam£ii,s Pi^Ck 

Brown. 

11 

15-25 


0-tr. , 


P. berkeleyi Fr 

White- 

9 

0 

++++ 

0-lQ 

■ 4 ■ 

P. betulinus (Bull.) Fr 

Brown. 

4 


35 

— 

15-20 

2 

P. borealis Fr 

W’'hite- 

3 

++++ 

0 

+++ 

0-tr. 

4 

P. brumalis (Pers.) Fr 

,..do 

4 

++++ 

+++++ 

0 

+-{ — i — b 

20-30 

6 

P. cinnabarinus (Jacq.) Fr 

-—do 

8 

0-tr. 

-i“‘+4— 

20-30 

6 

P. circinatus Fr! 

— do-... 

5 

+4 — 1 — {“ 

0-tr. 


O-tr. 

4 

P, compcLCtus Overh — 

— do.... 

11 

++++ 

15-30 

+++ 

20-40 

7 


See footnotes at end of table. 


688 


Journal of Agricultural Research 


VoL 57, No. 9 


Table 1. — Reaction and growth of wood-decaying fungi on gallic and tannic acid 
media j at the end of 7 days — Continued 


Fungus 

Tj-pe of 
decay 

Isola- 

tions 

On gallic acid 
medium 

On tannic acid 
medium 

Growth 
and re- 
action 
group 
No. 

Reaction 

Growth 

Reaction 

Growth 

Polyporaceae— Continued. 

White,. 

do_— 

Num” 

ber 

1 

++++ 

++++ 

Mm 

0 


Mm 


P. croceus (Pers.) Fr 

17 

10-35 

++ 

20-40 



...do 

3 

++++ 

10-20 


15-30 

f7 

P. cutkularis (Bull.) Fr . 

...do 

14 

+++ 

0 

++-f-+ 

Tr.-15 

5 

P delectans Peck... 1 

...do.... 

4 

+++ 

0 

+++ 

Tr.-lO 


P, dichtous Fr ^ 

...do 

4 

— 

10 

— 

0 


P. distorhbs (Sehw.) Fr,_ 

-...do 

4 

++++ 

10-15 

+++ 

30-40 

8 

P. dryadeus (Per?.) Fr 

.—do.... 

2 

+++ 

0 

4'-f + 

0 

4 

P. dryophUus Berk — 

---do 

17 

++++ 

10-25 

4"++ 

10-25 


P. fibrillos iis Karst - — 

Brown. 

1 

_ 

15 

— 

15 

1 

P.fissilis Berk and Curt — i 

White- 

12 

++++ 

0 

+++ 

Tr -10 


P.fragilis Fr — 

Brown. 

4 

_ 

10 

_ 

0 

3 

P, frondosns (Dicks.) Fr 

White- 

10 

+++ 

1.5-35 

+++ 

10-35 


P. fumidiceps (Atk.) Sacc. and 

...do.... 

1 

H-+++ 

Tr. 

++++ 

20 

5 

Trott. 








P.fumosus (Pers.) Fr.-. 

...do... 

2 

2-tO-f- 

1,5-30 

2 _to + 

Tr.-15 


P. ga!actinus Berk 

-do..- 

7 

+++++ 

0 -tr. 

++++ 

Tr.-15 

5 

P. giganteus (Pers.) Fr 

...do 

4 

++ + 

0 


10 

5 

P. g flvus (Schw.) Fr__. 

do 

11 

+++++ 

Tr.-15 

+- 1 -+ 

Tr.-30 

5 

P. glomeratus Peek 

...do 

10 

++ + 

0 

+++ 

0 

4 

P. graveolens (Schw.) Fr 

...do—. 

8 


0 

4 + 4 . 4 . 

Tr .-20 

6 

P. guitulatus Peck 

Brown. 

2 

— 

1.5-25 


0 

3 

P. helveolus Rostk.. 


1 



40 


20 

2 

P. hirsutus (Wulf.) Fr 

White-- 

7 

+++++ 

0 

+++ 

20-40 

6 

P, bispidus (Bull.) Fr 

...do 

15 

++++ 

0-10 

++++ 

10-20 

5 

P. immitus Peek 

Brown. 

3 

— 

20 

_ 

0 

3 

P. luddus (Curt.) Fr 

White-. 

14 

H — 1 — h"!" 

0-30 

+++ 

15-40 

7 

P. ludovidanus (Pat.) Sacc. and 
Trott. 

White 

pocket. 

e> 

i 

+++ 

Tr.-lO 

+++ 

I 

Tr. 

9 

P. mutabUk Berk and Curt 

White- 

2 

+++ 

0 

+ 

0 

4 

P. obtums Berk 

...do 

11 

++4-4- 

0 

1 ++++ 

Tr.-15 

5 

P. oregonensis (Murr.) KaulT 

—do— 

2 

++++ 

0 

1 ++++ 

10 

5 

P. OBseiLS Kalchbr 


1 


55 


0 

3 

P. palustris Berk and Curt 

Brown. 

2 

_ 

15-30 

— 

15-20 

1 

P. pargamenus Fr 

White- 

4 

++++ 

0 


Tr.-15 

5 

P. pidpes Fr 

—do— 

1 

++ 

0 

+ 

0 

4 

P. pubescens (Schum.) Fr 

...do 

4 

d 1 1 — 1 1 “ 

0 

+++ 

30-40 

6 

P. radiatus (Sow.) Fr 

—do—. 

9 

+++ 

Tr.-lO 

4 — j — [_ 

Tr.-15 

7 

P. resinosus (Schrad.) Fr 

— do— 

9 

++++ 

Tr.-40 

+++ 

+ 4 .+ 

10-35 

7 

P. robiniophilus (Murr.) Lloyd.-- 

...do 

5 

+ ++ 

0 

Tr .-20 

5 

P. sericeo-moUis Rom_._ 

Brown. 

7 


20-35 


Tr.-lO 

3 

P. schweinitzii Fr_ 

— do— . 

9 



15-35 



0 

3 

P. spraguei B. and C 

— do— . 

27 

_ 

30-45 


20-40 

1 

P, spumeus (Sow.) Horne 

White.. 

3 

+++ 

0 -tr. 

++++ 

Tr .-20 

5 

P. sqmmosus (Huds.) Fr 

— do— . 

3 

+++ 

0 

4" 

0 

4 

P. subertypus (Murr.) Overh. in 

—.do 

1 

++++ 

0 

+4-4- 

35 

6 

comb. 








P. mlphureus (Bull.) Fr 

Brown. 

23 

— 

25-45 

_ 

20-45 

1 

P. supinus (Sw.) Fr 

White.. 

7 

4-++ 

0 

++++ 

1.5-30 

5 

P. tenuis (Sacc.) Overh 

...do 

■ 2 

d — hd — h 

0 

+++ 

40-50 

6 

P. tephroleucus Fr.. - 

Brown. 

2 

7_ 

15 


0 

3 

P.tsugae (Murr.) Overh 

White.. 

5 

++ + 

0 -tr. 

+++ 

Tr.~25 

5 

P,tuberaster (Jacd.) Fr — 


2 

+++ 

0 

+++ 

0 -tr, 

4 

P. tulipiferus (Schw.) Overh 

P. umbellatus (Pers.) Fr 

White.. 

9 

2 ~tO-}-+ 

40-60 

2 _t 0 + 

Tr.-30 

9 


1 

+++ 

++++ 

0 

+ 

0 

40 

4 . 

P. velutinus Fr 

White.. 

1 

0 

+++ 

6 

P. versicolor (L.) Fr 

-—do 

6 

+++++ 

0 

+++ 

30-50 

6 

P. volvatus Peck 

...do— . 

3 

+++ 

+++ 

++ 

0 

+++ + 

+ 

4+++ 

Tr.-lO 

5 

P. mlpinus Fr 

...do 

1 

Tr. 

0 

4 

P. zonaiis Berk 

White 

pocket. 

5 

0 

Tr.-25 

5 

Poria andersonii (E. and E.) Neu- 

White.- 

11 

++++ 

0 

++++ 

Tr.-lO 

5 

man. 







P. borbonica Pat.. 

do.... 

1 

++++ 

5_to-l- 

10 

+ + + 

60 

30-80 

8 

P. cocos (Schw.) Wolf-- 

Brown. 

12 

50-80 


P. incrassata (Berk, and Curt.) 

...do 

4 

20-40 

_ 

0 -tr. 

3 

Burt. 







P, medulla panis (Pers.) Cooke.-. 

White.. 

2 

+4-+++ 

Tr.”15 

+++ 

30 

8 

P. mutans Peck, — . 

— .do— . 

1 

++++ 

++++ 

20 

4 — I — [_ 
+++ 

20 

30 

25-35 

7 

P. mutans mr. tenuis Peck. 

...do.. 

1 

20 

7 

P. nigra Berk 

Brown. 

3 

25-35 

1 

P. nigrescens Bres- 

White.. 

3 

.++++ 

0 

++++ 

Tr.-lO 

5 

See footnotes at end of table. 
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Table 1.~— Reaction and growth of wood-decaying fungi on gallic and tannic acid 
media, at the end of 7 days — Continued 


Fungus 

Type of 
decay 

Isola- 

tions 

On gallic acid 
medium 

On tannic acid 
medium 

Growth 
and re- 
action 
grmi{> 
No. 

Reaction 

Growth 

Reaction 

Growth 



Num- 






P ol y por aceae— ■ C on t inued . 


her 


Mm 


Mm 


P. prunicola (Miirr.) Saec. and 

White-- 

5 

+++' 1 - 

Tr.-m 

4-+4- 

Tr."20 

7 

Trott. 








P. pulchella (Schw.) Cooke 

— do_.„. 

5 

+++++ 

Tr.-lfj 

++4- 

15-50 

8 

P. punctata Fr„ 

...do 

6 

+++++ 



10-20 

b 

P. ulecta Karst, ex Rom 

Brown. 

1 


45 


Tr. 

3 

P. subacida (Peck) Sace 

White., 

14 

+4"+ 4- 

(hlO 

++ + 

10-30 

8 

P, undata (Pers.) Bre.s 

White 

3 

4" 4- 

0 

4*+"i- 

10-20 

5 


pocket 







P. millantU Fr._- 

Brown . 

1 


25 

— 

0 

3 

P. paporaria Fr 

Brown « 

2 

— 

30 

— 

O-IO 

2 

P. versipora Pers 

White. 

1 

4-4-4-+ 

0 

++++ 

15 

5 

P. weirii (Murr.) Sacc. and Trott. 

--.do-..,. 

2 

+++ 

20-30 

+++ 

20-30 

7 

Trametes amerkana Overh 

Brown. 

2 


10-15 


d'r. 

3 

T, cubensis (Mont.) Sace,- 


1 



70 

^ ! 

0 

3 

T, heteromorpha (Fr.) Lloyd 

Brow'n 

1 

to+ 

20 

— 

0 


T. hispida I - 

White.. 

1 

++++ 

0 

4-+++ 

25 

5 

T. hydnoides (Sw.) Fr 

...do 

1 

2~to4 — f- 

25 

+ 

! 10 

9 

T. malicola B. and 0 

Brown. 

2 

— 

15 

— 

Tr.-lO 

1 

T. mollis (Som.) Fr - 

White.. 

2 

' +++ 

0 

++++ 

Tr. 

4 

T. rigida Berk, and Mont--- 

---do 

1 

+++ 

0 

++++ 

20 

5 

T. serialis Fr 

Brown. 

5 

7_ 

15-40 


10-30 

1 

T. suaveolens Fr 

White.. 

3 

++++ 

0 

+++ 

10-30 

5 

Agaricaceae: 








Armillaria melLea (Vahl) QuSl 

--.do— . 

12 

++++ 

0 -tr. 

4 — }-++ 

Tr.-30 

5 

Clitocybe illudens (Schw.) Sacc 

--.do 

1 

•+■+++ 

10 

'4-4“+-j' 

15 

7 

C. tabescens (Scop.) Bres 

...do 

6 


0-10 


Tr.-lO 

7 

Colly bia velutipes (Curt.) Qu 6 L-_ 

--.do 

4 

+ 

0 


0 

4 

Hypholoma sublateritium Schaeff— 

---do. 

6 

++++ 

O-tr. 

-{-+++ 

Tr.-20 

6 

Lentinus lepideus Fr_» 

Brown. 

8 

5-tO+++ 

Tr.-15 

5-tO+ 

O-tr. 


L. tigrinus (Bull.) Fr 

White— 

4 

++++ 

Tr.-25 

-b+ + 

35-45 

8 

Panus laevis Berk, and Curt 

—do—. 

4 

+++ 

0 

+ + 

O-tr. 

4 

P. stipticus (Bull.) Fr 

do 

4 

q-f-l-l- 

0 ~tr. 


Tr.-20 

5 

Pholiota adiposa (Pers.) Fr 

...do 

8 

+++ 

0 

+++ 

Tr.-20 

6 

Pleurotus cortkatus Fr 

...do 

4 


0 

4 — j — [-. 

0 -tr. 

4 

P. ostreafus (Jacq.) QueL_- 

—do—. 

11 

+++ 

0 

4+++ 

Tr.-lO 

5 

P. serotinus 

do— . 

2 


0-20 

+++ 

Tr.-30 

7 

P. ulmarius (Bull.) Qu61 

...do 

6 

~to 4 - 

0 


0 

4 

Schizophyllum commune Fr._ 

-„do— . 

4 


20-40 

2 -H- 

25-40 

10 

Aseomyeetes; 








XJstulina vulgaris Tul 

do 

7 

+++++ 

Tr.-20 

+++ 

20-25 

8 

Xylaria sp 

do 

2 

+++++ 

Tr. 

+++ 

30-40 

6 

Fungi Imperfecti: 






Strumella coryneoides Sace. and 

-—do- 

6 

+++++ 

20-25 

+++ 

30-50 

8 

Wint. 









1 Growth and reaction groups are explained in detail in the text. 

2 These fungi may require from 7 to 14 days to form brown diffusion zones, but the 
reactions are always positive. 

3 Reaction uncertain ; most isolations formed a brown diffusion zone under mat in 7 days. 
In 14 days zone more intense but certain isolations are consistently negative. 

^Reaction positive if growth occurs; if no growth, usually positive but occasionally 
negative. 

Reaction usually negative. However, a faint brown diffusion zone may form under 
center of mat. The same isolation may be negative at one trial but slightly positive at 
another. 

0 Shope, pall Franklin, the polyporaceae. op Colorado. Ann. Mo. Bot. Oard. 18: 
287-456, illus. 1981. 

^ Reaction negative. A widely diffused light-brown indefinite zone may appear around 
but not under mat. Agar under mat perfectly transparent. 

NEGATIVE OR NONREACTING FUNGI 

Group 1.— Mat diameter for a given species about equal on both gallic and 
tannic acid media. 14 fungi. (Fig. 1, A and B.) 

Group 2. — Growth on gallic acid medium, good, mat diameter much greater 
than on tannic acid medium. Five fungi. (Fig. 1, C and D.) 

Group 3.— Good growth on gallic acid medium, none or only a trace on 
tannic acid medium. 17 fungi. (Fig. 1,^ and F.) 





Figuke 1. — Negative or nonreacting groui^s. A and i?, Group 1 as illustrated by 
Folypoms Milplvureus ; mat diameters for a given species approximately the 
same on gallic (A) and tannic {B) acid media. 0 and D, Group 2, as illxiS' 
trated by ConiopJiora suffocata; good growth on gallic (C) acid medium, poor 
on tannic (D) acid medium. E and E, Group 3 as illustrated by Daedalea 
juniper ina; good growth on gallic (E) acid medium, no growth or only a 
trace on tannic (F) add medium. 
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POSITIVE-REACTING FUNGI 


Group 4.— No growth, or only a trace, on both gallic and tannic acid media, 
‘M fungi. (Mg. 2, A and B.) 


Figure 2. — Positive-reacting groups. A and B, Group 4 as illustrated by Polih 
porus glomeratus; no growth or only a trace on gallic (A) and tannic {B) 
acid media. V and D, Group 5 as illustrated hj Bteremn miirmi/?*; no growth 
or only a trace on gallic (0) acid medium, trace to 25 mm on tannic (D) 
acid medium. and F, Group 6 as illustrated by I rpes? mollis ; no growth or 
only a trace on gallic (i<l) acid medium, growth 25-50' mm on tannie (F) 





:gx:re S.—Positive-reacting groups. A and B, Group 7 as illustrated by Folih 
porufi compacfiis; mat diameters approximately equal on both gallic (A) and 
tannic (^) acid media. C and JD, Group 8 as illustrated hy Polyporus dis~ 
torMs; slight growth on gallis (G) acid medium, good growth on tannic (D) 
acid medium. M and F, Group 9 as illustrated by Folyporus tulips erus; 
good growth on gallic {E) acid medium, none to a trace on tannic {F) acid 
medium. 
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Group 5. 
25 mm or 1 

— No growtli or only a trace on gallic acid medium, 
ess on tannic acid. 57 fungi, all strong reactors. (Fig 

mat diameter 
. 2, C and D.) 
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Group 6. — Growth none or only a trace on gallic acid medium, growth 25-50 
mm on tannic acid. 22 fungi. { Fig. 2, E and F. ) 

Group 7. — Mat diameters about equal on both media. 31 fungi. (Fig. 3, 
it and B.) 

Group 8. — Fair growth on gallic acid medium, good growth on tannic acid 
medium. 12 fungi. (Fig. 3, C and D.) 

Group 9. — Good growth on gallic acid medium, none to trace on tannic acid 
medium, often weak reactors, some requiring 14 days for definite results. 
Nine fungi. (Fig. 3, E and F.) 

FUNGI HAVING NEGATIVE OR POSITIVE REACTION, DEPENDING ON MEDIUM 

Group 10. — Reaction negative on gallic acid medium, positive on tannic acid 
medium, with good growth on both. One fungus (BcEf^^ophjflluni (mmnmte). 

DISCUSSION 

Naturally, since arbitrary limits have been prescribed for the 
above-mentioned groups, certain fungi should be expected to show 
growth behavior which may fall within two or more groups. Each 
fungus is placed in a group on the basis of its most consistent and 
characteristic growth behavior, and the relative consistency wdth 
which different isolates fall into a given group may vary for the 
different species. For this reason, in comparing gx'owth groups of 
two different species, more significance should be attached to growth 
reactions involving widely separated groups such as groups 4 and 9 
than to those involving closely related groups such as 4 and 5 or 5 
and 6. This applies to both positive and negative reactors. In order 
to demonstrate the consistency with ivhich a given fungus would fall 
into a definite group on repeated trials of the same isolate, or with 
a number of isolates, the data for a few fungi, for which several 
isolates were available, have been analyzed. Ninety-five percent of 
the recorded conclusive trials place Poly poms compactus in group 7 
and 5 percent in group 6 (21 trials) ; 54 percent place P, eutimlaris 
in group 5 and 46 percent in group 4 (22 trials) ; 73 percent place 
P. dryophilus in group 7, 21 percent in group 9, and 5 percent in 
group 4 (19 trials) ; 82 percent place P. hispidus in group 5 and 
17 percent in group 4 (17 trials) ; 97 percent place P, spraguei in 
group 1 and 3 percent in group 3 (33 trials) ; 73 percent place 
P. supimis in group 5 and 27 percent in group 6 (15 ti’ials) ; and 72 
percent place Porta andersonii in group 5 anci 28 percent in group 4 
(18 trials). 

The foregoing growth and reaction groups are constant and dis- 
tinct enough to be useful in the identification of certain fungi. For 
example, cultures of Polyponis pargamenns and P\ tidipifenis are 
sufficiently similar to be confused in the laboratory. On 0.5-percent 
gallic and tannic acid media, however, the reaction of the former 
falls under group 5, that of the latter under group 9. The differences 
between the two species on these media cannot be confused. In 
many cases identification of isolations from unnamed sporophores 
may be assured if the type of decay associated with the sporophore 
can be determined. The oxidase test is useful in such cases as well 
as in the general determination of decay types for fungi taken from 
incipient decay before the typical stage manifests itself. P. scMoem- 
itzii and P, sporophores are similar, but cultures of the 

two fungi can be readily separated on gallic and tannic acid media, 
as the former is a nonreactor while the latter is a positive reactor. 
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A number of other instances where the oxidase test has been of 
value could be cited, but the few listed here give a general idea of 
cases in which the oxidase reaction, correlated with other inforina- 
tioii, has been of particular value. 

A column showing type of decay is included in table 1 to give 
some idea of the kind of rot that is usually associated witli each 
fungus. The type of rot has not been determined by pure-culture 
methods but hj the association of sporophores with the rots in ques- 
tion. In many cases, as in certain groups of the Thelephoraceae, 
wliere no definite association of rot and fungus has been found, 
tlie space is left blank. 

As used in the paper, the teian “brown rot” refers only to the 
brown cubical type of decay. Most of the others are classified as 
wliite rots, altliough many are somewhat colored owing to the color 
of tlie wood or to changes associated with incipient stages of in- 
fection. For instance, Steremn frustidosum', S, sidjpileafAmi^ and 
Hydnurrh erinaceus are iisualh^ present in browui-stained wmod, but 
the wood is Avliite or light-colored in the final stages of decay. 

Of the 210 fungi that w^ere tested for the presence of oxidases 36 
were negative, i. e.V they did not form browm diffusion zones on either 
medium; 8 Avere inconsistent, i. e., they w^ere usually negative, but 
certain isolations gave slight browm diffusion zones on one or both 
media; 165 \vere positive; and 1 {SehiBophylhmi commune) gave 
consistently negative results Avith gallic acid medium but positive 
results Avitii tannic acid, Avith good groAvth on both. 

Of tlie 36 fungi that Avere consistently negatiA^e, 29 are associated 
Avith broA\m carbonizing rots ; " the type of decay for 4 fungi could 
not be checked. Fistidma liepatica causes a darkening of the Avood 
but not a t 3 qiical broAvn rot; Stereiim friistidostim causes a Avhite 
pocket rot, Avliich produces dark discoloring of the A\mod about the 
decaj'ed pockets; and Polypoms diahrous is associated with Avhat 
appears to be a definite Avhite rot. Of the eight fungi giAung incon- 
sistent, but mainl}^ negative results, seven are clefinitelA^ broAAm rot 
fungi Avhile S, sii'bpileatum is associated with a Avhite pocket rot with 
darkening of the surrounding Avood. 

Of the 165 fungi giAung consistently positive oxidase reactions, 
156 are associated with Avhite rot; ® the type of decay Avas unknoAvn 
for 9 species. ScJiiBophylJmn commune^ associated Avith a A\diite 
decay', Avas negatiA^e on gallic acid but positiA^e on tannic acid 
medium, with good growth on both. 

Eighty percent of the negatiA^e reactors Avere correctly diagnosed 
[\s brown rot fungi and 96 percent of the positiA^e reactors Avere cor- 

The majority of browii rot fungi showed no signs of reaction on either gallic or tannic 
acid merUnm. Tliis was especially true of tliose species producing white mycelia in cnltnre. 
The species that gave incom^istent results usually formed yellow, buff, or brown mycelia in 
culture. and_ it v'as oftmi difficult to decide wbetlier the faint discoloration, as seen from 
the under side of the Petri dish, was dne to the color of the mat or to reaction with the 
medium. This was^ especially true on tbe transparent gallic acid medium. 

s White rot fungi showed considerable variation in the intensity of the brown diffusion 
70110 and in the time required for its formation. A^'ery strong reactors gave a definite zone 
in 1 or 2 days. The great majority produced definite results in 7 days while only a few 
1 * 110 gi reonired a longer time for the zone to form. Strongest reactors gave pOvSitice results 
with little OT* no growth, especially on gallic acid. A few gave results only with growing 
mycelium.^ For this reason tests showing no reaction and no growth on either meriinm 
were considei’ed inconclusive, but tests showing a reaction vdthont growth were considered 
coric]u'=!)vc S5nc« ah fiium do no+ react ennallv well w^th both tanfUc and calUc acid 
media both should be used when the purpose of the te.st is to determine decay type by 
the oxidase reaction. 
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rectly diagnosed as white rot fungi. Thus Bavendamnrs generaliza- 
tion,' that "brown rot fungi are negative when tested for oxidases by 
tlie use of gallic and tannic acids and that -white rot fungi give pos- 
itive reactions with the same media is essentially correct. 

SUMMARY 

Two hundred and ten fungi were tested for oxidases, using Baveii- 
damm’s gallic and tannic acid method. 

Twenty-nine, or 80 percent, of the fungi associated with brown 
carbonizing rots gave no reaction with gallic or tannic acid media. 
One {FistuUna hepatica)^ associated wdth a dark firm rot, was neg- 
ative, as was Stereiinn fnistidosum, associated wnth a white pocket 
rot, and Polypovm dichrous^ associated with a wliite rot. Four 
whose rots were unknown gave no reaction. Seven fungi associated 
with brown carbonizing rots gave inconsistent reactions. 

One hundred and fifty-six, or 96 percent, of those fungi associated 
"with white rots gave positive reactions. Nine specimens wdiose rots 
were unknown also gave positive reactions. Stereiim snhpilcafujn, 
associated with a white pocket rot similar to S. frnstidosunn gave 
mostly positive results on gallic acid but was negative on tannic acid. 
SchiBopliyUum commime^ a white rot fungus, was negative on gallic 
acid medium but positive on tannic acid medium, with good growth 
on both media. 

With white rot fungi the intensity of reaction and the time re- 
quired for the reaction to take place showed considerable variation. 

Growth behavior for different species on gallic acid and tannic 
acid media showed variations of value in the cultural identification 
of fungi. Ten different growth and reaction groups are described 
and the species are listed under these groups. 



AN ANALYSIS OP THE BLOOD OP THE SIXTH-INSTAR 
SOUTHERN ARMYWORM (PRODENIA ERIDANIA) ^ 

By Bhank H. Babers 

Associate biochemistj Bureau of Entoynology and Plant Quarantine, United States 
Department of Agriculture 

INTRODUCTION 

The bod}’' cavity of insects contains only; one tissue fluid, the so- 
called blood, or hemolymph. The composition of this blood varies 
greatly from species to species, and there is also marked variation in 
individuals of the same species. It becomes important, therefore, to 
determine the approximate concentration of the various constituents in 
the blood of insects that are being used in experiments on insect 
physiology. Mature (sixth-instar) larvae of the southern armyworm 
(JProdenia eridwnia (Cram.)) have been used in large numbers in these 
laboratories for such experiments. In order that a perfusion fluid 
similar to the normal blood might be prepared, a quantitative analysis 
of the blood of this insect was made. It was also necessary to know 
the approximate normal concentrations of the various constituents of 
the blood before attempting a study of the efiect of feeding various 
foodstuffs and certain toxic substances on the processes of digestion 
and absorption. The results of the several analyses are recorded in 
this report. ^ • • 

Most of the analytical procedures were developed for use with 
human blood, and, with few exceptions, they were found entirely 
satisfactory for use with insect blood. Many of the methods are 
recorded by Peters and Van Slyke {28),^ and the modifications of the 
original procedures that these authors recommend have been followed. 

EXPERIMENTAL DATA 

GENERAL REACTIONS 

The blood from mature larvae of the southern armyworm is a viscous 
fluid ranging in color from bright green to a dirty, nondescript 3rellow. 
It begins to clot almost immediately after being drawn from the insect, 
the^ clotting apparently being of the type classified by Yeager and 
Knight (57) as cell coagulation. 

The blood from the southern armyworm does not cause clotting 
when added to solutions of fibrinogen or thrombin obtained from 
normal horse serum. 

The volume of blood varies considerably among individuals and 
seems to be dependent on both the age of the larvae and the type of 
food on which it has fed. The quantity of blood obtained from one 
insect was usually from 0.07 to 0.2 ml, with an average of 0.12 ml. 

1 Received for publication May 27, 1938; issued November 1938. 

2 Italic numbers in parentheses refer to Literature Cited, p. 704. 
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On exposure to air the blood darkens rapidly^ from the surface down, 
and is soon almost black. This darkening is probably due to the 
presence of tyrosinase, since a suspension of tyrosine turns black in a 
few hours after a small quantity of insect blood has been added. 

Both clotting and darkening are prevented and the insect is killed 
by immersion in water at 60"^ 0. for minute. There is no visible 
coagulation of plasma^ proteins from this treatment. 

The Millon, Hopkins-Cole, xanthoproteic, Adamldewicz, biuret, 
and Molisch tests were all strongly positive, as was the sulphuric 
acid-petroleum ether test for carotinoids. The Pettenkofer test for 
bile salts was also positive. The ether extract of a sample of blood 
boiled with an equal volume of 12 N hydrochloric acid and a pinch 
of naphthoresorcin (Tollens’ reagents) was a bright reddish purple. 
Tills color was entirely different from the color given by glucuronic 
or galacturonic acid. The sodium nitroprusside and bromine tests 
were negative. 

DIGESTIVE ENZYMES IN THE BLOOD 

Invertase and lipase were demonstrated in whole blood by using 1 
percent of sucrose and cream as the respective substrates. Amylase 
was not found, nor were the proteolytic enzymes pepsin, trypsin, and 
erepsin. In man proteolytic enzymes, together with their antibodies, 
are found in serum. These antibodies render the enzymes inactive 
and prevent digestion of the blood proteins. Extraction of the blood 
with toluene, chloroform, or certain other organic solvents either 
removes these antienzymes or renders them inactive. Even after 
extraction with toluene and chloroform, no proteolytic enzymes were 
demonstrated in the blood of the southern armyworm. 

HYDROGEN-ION CONCENTRATION 

The pH value of the blood was determined electrometrically with 
the micro quinhy drone electrode described by Cullen {15). Blood 
was obtained by snipping off a leg while holding the insect under 
mineral oil. At 24.5° C. the pH value of the blood from six larvae 
varied between 6.40 and 6.67, with an average of 6.53. 

OSMOTIC PRESSURE 

The osmotic pressure of whole freshly drawn blood was determined 
by the freezing-point method, with use of a copper-constantan ther- 
mocouple. A was found to be —0.84° C. This corresponds to an 
osmotic pressure of 10.12 atmospheres, based on a molecular freezing- 
point lowering of 1.86° and an osmotic pressure of 22.4 atmospheres. 

BODY TEMPERATURE 

Incidental to the determination of the freezing point of the blood, 
the body temperature of the insect was determined by inserting a 
copper-constantan thermocouple in the anus of insects wired down on 
cork. When the room temperature was 23.8° C., the average tem- 
perature of six insects after equilibrium was reached was 22.3°, or 
1.5° below room temperatme. 


3 In all cases where the term “plasma” is used, reference is to the fluid obtained after centrifugation of 
blood from such heat-treated insects, whereas the term “serum” refers to the fluid obtained by centrifuga- 
tion of blood that clotted after being drawn from living insects. 
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DENSITY 

^ Blood from larvae killed by heating at 60'^ C. for 45 seconds was 

weighed in a micropycnometer at 25° and the weight compared with 
that of the same volume of distilled water at 25°. The density was 
1.032 g per cubic centimeter. 

OXYGEN CAPACITY 

Blood from Ihm larvae was collected under mineral oil to retard the 
darkening that begins soon after the blood is drawn from the insect 
and exposed to air. Blood so drawn remained iindarkened for at 
least 2 hours. After standing for 15 minutes in the ice box, the tube 
was centrifuged and the clear serum pipetted off. One-milliliter 
^ samples were analyzed for oxygen capacity in the Van Slyke mano- 

metric apparatus by both the regular Van Slyke method and the 
following modification: The sample was washed into the gas chamber 
with 2.5 ml of 0.9-percent sodium chloride solution and equilibrated 
with air by shaking for 2 minutes, A drop of caprylic alcohol was 
added, followed by 0.2 ml of 5-percent sodium cyanide solution, and 
the dissolved gases were released by evacuating for 2 minutes. The 
carbon dioxide was absorbed with 1 ml of normal sodium hydroxide 
solution and the manometer read. One milliliter of alkaline pyrogallic 
solution (1 volume of 22-percent pyrogallic acid plus 4 volumes of 
lO-percent potassium hydroxide) was then added and the manometer 
again read after 2 minutes had been allowed for drainage and absorp- 
tion. The difference in the two readings multiplied by Van Slykets 
p factors gives the volume-percent of oxygen gas in the sample. 

Determinations were also made vdth whole blood. It was difficult 
to obtain homogeneous samples of whole blood because of the rapid 
clotting, but the clot was broken up as much as possible before the 
sample was taken. Clotting was so retarded that homogeneous samples 
were obtained when the blood was allowed to drop directly from the 
insect into an equal volume of saturated sodium oxalate solution. 
Blanks in which a physiological salt solution was substituted for the 
insect blood were run with each determination. In eveiy experiment 
the oxygen capacity of the insect blood and serum was slightly less 
than that of normal salt solution. 

As a check on the methods of analysis, the oxygen capacity of the 
serum from lobster {liomarus americanus) was determined. This 
I blood is known to contain the oxygen carrier hemocyanin in appre- 

ciable quantities. 

The results of these determinations are shown in table 1 . 


Table 1. — Oxygen content of the blood of the soiithem ormyiDorm 


Manner of liberating 
gases 

Material tested 

Temper- 

ture 

Oxygen capacity 

O.xygen 
imac- 
eounted 
for by 
blank 

Material 

Blank 

1 'olume- 
perceni 

2. 48 

1 2. 53 

' 2. -02 
: 1. 73 

1. 98 
2.03 

Van Slyke technique,,. 

Sfidinm cvanide 

[Blood-saturated sodium oxalate (1:1).. 

i- Whole blood., 

[Serum . . 

°C. 

24 

25 

26 
15 
24 
21 

Volume- 

percent 

2. 39 
2.45 
1.88 
1.64 
1.81 
2.96 

Volume- 

percent 

[Whole blood 


I 

1 Lobster blood 

0. 9a 
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CHEMICAL ANALYSES 

Nonprotein nitrogen was determined on the filtrate obtained by 
treating plasma mth nitrogen-free trichloroacetic acid and centrifug- 
ing. The micro-Kjeldahl method, with potassium persulphate and 
copper sulphate as catalysts, was used. The total plasma nitrogen was 
determined b}^ micro-Kjeldahl analysis. The protein content was 
obtained by subtracting the amount of nitrogen in the protein-free 
filtrate and multiplying the difference by the factor 6.25. The general 
nature of these proteins has not yet been determined. 

The micro-Van Slyke method was used for determining amino nitro- 
gen in the protein-free filtrate obtained on treating plasma with sodium 
tungstate reagent. 

The apparent ^^creatinine’^ in the blood was determined by the 
method of Folin and Wn (18). 

The blood was analyzed for urea by the xanthydrol colorimetric 
method of Beattie (B). 

The uric acid in the Folin and Wu protein-free filtrate of serum 
was determined colorimetrically by Benedict’s direct method (5, 4). 

The colorimetric method of Shohl and Bennett (B9) was used for 
the determination of potassium. Attempts to use cobaltinitrite 
methods were unsuccessful, as checks could not be obtained. 

Blood was analyzed for sodium by the Butler and Tuthill (IB) 
modification of the method of Barber and Kolthoff. 

Calcium was determined by the modified Halverson and Bergeim 
method described by Peters and Van Slyke (^5, p. 767). 

Magnesium in the filtrate from the calcium determination described 
above was precipitated as magnesium ammonium phosphate (11)^ and 
the phosphate was determined by Tisdall’s colorimetric method (SB ) . 

A measured volume of pooled blood from a number of insects that 
had been killed and their blood fixed by immersion in water at 60"^ C. 
for 1 minute was added to 10 volumes of 10-percent trichloroacetic 
acid solution in a 15-cc centrifuge tube. After standing for 10 min- 
utes, the tubes were centrifuged and the supernatant liquid was 
poured quantitatively into a 100-ml Kjeldahl flask. The precipitate 
was dissolved in a small volume of normal sodium hydroxide solution 
and rinsed into another Kjeldahl flask. Both solutions were boiled 
down to small volume, ashed, and the copper sulphide was precipi- 
tated by the method of Ansbacher, Kemington, and Culp (1). The 
copper sulphide was dissolved in concentrated nitric acid, the acid 
removed by evaporation on the steam bath, and the copper deter- 
mined colorimetrically by the method of Callan and Henderson (13) 
with the use of sodium diethyl dithiocarbamate. 

Inorganic sulphur in the blood was determined as barium sulphate 
by the gravimetric procedure of Loeb and Benedict (Bl). Wlien 15 
ml of the protein-free filtrate was hydrolyzed with 4 ml of normal 
hydrochloric acid for 20 minutes, the barium sulphate precipitated 
gave inorganic plus ethereal sulphur. Nonprotein sulphur was de- 
termined on 10 ml of the protein-free filtrate after hydrolysis with 
the zinc nitrate oxidizing mixture described by Denis and Reed (Id). 

Chlorides were determined on 0.2-ml samples of whole blood by 
Patterson's method (^7), after digestion by the open Carius method: 
There were 119.8 mg of chlorine per 100 ml of blood, which corre- 
sponds to 197.5 mg of sodium chloride. 
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Total reducing substances were found by the Somogyi micro modi- 
fication of the Shafter-Hartmann method (SO), This method proved 
more satisfactory than the Hagedom-Jensen procedure. Ferment- 
able substances were determined by treatment with yeast according 
to the procedure described by Peters and Van Slyke {28 ^ p, IflQ). 

The colorimetric method of Mendel and Goldscheider {25) was used 
to determine lactic acid. Only a trace was found hj this procedure. 

Pooled blood from insects killed by immersion in water at 60^ C. 
for 1 minute was analyzed for glycogen by the method of Creveld (14), 
the only modification being that the glucose liberated was determined 
with the micro Shaffer-Hartmann-Somogyi reagent I (SO), Glycogen 
was obtained from the glucose value by multiplying b^^ the factor 0.927. 

Total lipoids (lipids), fatty acids, and cholesterol were determined 
by the chromate oxidation method as described by Bloor (7). The 
phospholipoids were isolated and determined according to Bloor^s 
procedure (8). The direct extraction and colorimetric method of 
Leiboff (20) and the method of Bloor, Pelken, and Allen (9) were 
used in the determination of cholesterol. Samples corresponding to 
2 ml of blood were used in each case. Some trouble was experienced 
with the colorimetric method because of the formation of a yellowish 
color which was extremely difficult to compare with the standard. 
This was overcome by wasHng the chloroform extract with water and 
drying with calcium chloride before developing the color. The use 
of a red filter in the colorimeter was also of benefit. 

The total phosphorus in whole blood was determined by, TisdalPs 
(32) colorimetric method after digestion with a mixture of nitric and 
sulphuric acids. Inorganic phosphorus was determined by the same 
method after removal of the proteins with trichloroacetic acid. 

The amounts of the various substances found in 100 ml of blood are 


as follows: 

Milligrams 

N onproteiii nitrogen - — — 401. 4 

Total nitrogen — 568. 4 

Amino nitrogen — 235. 2 

Proteins (protein nitrogen X 6.25) — — 1, 043. 8 

“Creatinine^' (apparent) - — - 8. 0 

Urea 6.2 

Uric acid 14. 8 

Potassium - — 155, 0 

Sodium — 51. 2 


Magnesium. ..... 

Copper, total. ....... — - 

Copper, in protein-free filtrate — - - 

Copper, in protein precipitate — -- 

Sulphur, inorganic — 

Sulphur, ethereal — ....... — . — . — . . 

Sulphur, total nonprotein — , . — - ~ — - - - 

Chlorine---.. 

Chlorine (as sodium chloride) - - 

Total reducing substances (as glucose) 

Reducing substances fermented by yeast (as glucose) 

Reducing substances not fermented by yeast (as glucose) 

Lacti c acid . _ — - - - - ^ - . — - — - — 

Glycogen — 

Lipoids, total- 

Phospholipoids — _ — - . - 

Cholesterol- _ 

Phosphorus, total— . _ - - . - ----- — - 
Phosphorus, inorganic. - - - - - - - 


17. 2 
4. 93 
2.94 
1. 99 
30.7 
0 . 4 
44, 4 
119.8 
197. 5 
65. 9 
11 . 1 
54. 8 
. Trace 
3.29 
320. 5 
99. 0 
12 ., 8 . 
123. 3'' 
■'17. 59' 


702 


Journal oj' Agricultural Research 


Vol. 57, No. 9 


DISCUSSION 

In a paper that has been widel}^ quoted, Muttkowski {26) reported 
the presence of copper and oxygen in the blood of the various insects 
he tested, but he gave no quantitative results. He found also that 
the bloods gave positive tests with benzidine, o-tolidine, and guaiac. 
He failed to find copper in human blood. From these experiments 
he drew the sweeping conclusions that all insect bloods contain a 
respiratory protein, and that this respiratory protein is hemocyanin, 
the copper-contaming ox^^gen caiTier found in the blood of many 
marine invertebrates. 

The almost uiiiversal occuiTence of copper is well established. Its 
presence in plants, human blood and tissue, and the blood of many 
other animals has been demonstrated by McHargue {22, 23), War- 
burg {34), Elvehjem, Steenbock, and Hart {17), and others, and so 
its mere presence in insect blood would seem to be without special 
significance. Melvin (24) has shown that certain insects accumulate 
copper, and that the cast skins of others have more copper than the 
insects producing them. The fact that copper was found in such rela- 
tively large quantities by Melvin and also by the author in the insects 
studied may very well mean that copper has a definite physiological 
function in insects, but at the present time there seems to be no real 
evidence for stating just what this function may be. 

The qualitative presence of oxygen in insect blood as reported by 
Ivluttkowski is, of course, valueless as evidence either for or against 
the presence of a respiratory protein, since there is no qualitative 
method of distinguishing between dissolved oxygen and oxygen 
bound by any of the known respiratory proteins. Oxygen capacities 
for insects and other invertebrates of approximately the same order 
of magnitude as those for mammals were reported by Griffiths (19). 
Much of his work, however, has been refuted by Winterstein {36), 
and in the light of later evidence his values must be considered far too 
high. 

Bishop {5) found no evidence of a respiratory protein and found 
also that the quantity of oxygen present in the blood of the honeybee 
larva was not appreciably more than would be physically dissolved. 
Bishop used the regular Van Slyke apparatus and technique. 

In the present work the writer has obtained similar results with the 
blood of the southern army worm larva. It is well known that oxy- 
hemocyanin is not reduced by ferricyanide as is hemoglobin, Oxy- 
hemocyanin is reduced by cyanides, however, and this fact has been 
utilized by many investigators in determining the oxygen capacity of 
bloods known to contain hemocyanin. For this reason, although 
there is no evidence that insect blood contains a hemocyanin, a 
sodium cyanide solution, as well as the regular Van Slyke reagent, 
was used during the course of the analyses. The oxygen obtained 
from^ southern armyworm blood was in all cases slightly less than was 
obtained from equal volumes of physiological saline. 

In tests with benzidine, o-tolidine, and guaiac, the writer obtained 
positive results only with benzidine, and then only when a saturated 
solution vras used. Little or no significance can be attached to these 
tests, since positive reactions are given by raw milk, pus, saliva, many 
plant extracts, potatoes, and other substances in addition to the respir- 
atory proteins. Diastases, as well as the so-called oxidation enzymes 
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so cominoii in plant fungi, seeds, and bacteria, also give ])ositive reac- 
tions. Ferric and cupric salts react positively, as do man,y other 
inorganic materials. 

These experiments seem to indicate that, if hemocyanin or any 
other respiratory protein is present in southern arinyworm blood, it 
occurs ill such small quantities as to play no part in the normal respira- 
tion of the insect. 

Although Muttkowsld concluded that liemocyanin is pi‘esent in 
insect blood, he states: “No doubt some of this reaction [the test for 
oxygen in the blood] was due to oxygen dissolved in the blood serum, 
althoiigh the serum has no power to combine with oxygen like a respir- 
atory protein.’^ This conclusion, if supported by experimental evi- 
dence, should have prevented him from suggesting tiie presence of 
hemocyanin in insect blood, since serum is the oiity portion of blood 
from which a hemocyanin has been isolated. As far as the author 
knows, it has never been demonstrated in cells. 

The writer’s value for the oxygen capacity of lobster blood is similar 
to that reported by Stedman and Steelman ISl) in their work on lieino- 
cyanins from various sources. 

At the present time no explanation is made for an}^ seeming abnor- 
malities in the composition of the blood. The ratio of amino nitrogen 
to nonprotein nitrogen is extremely high in comparison with this ratio 
in vertebrates, but the total nitrogen and protein nitrogen seem low. 
The urea and uric acid content of the blood is high, but this is to be 
expected, since it has been shown that insects excrete most of their 
waste nitrogen in the form of uric acid {S5). 

Magnesium is present in high concentration, but this also seems to 
be generally true with insect blood. Inorganic sulphur is high, but 
reducing substances, especially substances fermentable by yeast, are 
extremely low. This probably accounts for the fact that only a trace 
of lactic acid was found. The composition of the nonfermentable por- 
tion is not known, but the reduction is probably due in part to uric acid. 
The high concentration of glycogen in the blood may also explain the 
low glucose content to some extent. 

Voit {S3) has showm that glycogen can be fonned in mammals from 
various monosaccharides and disaccharides. Of the substances from 
which glycogen is usually formed, carbohydrates are probably the most 
common in the normal diet of the southern army worm. The insect 
stores large quantities of glycogen in its fat body for use during pupa- 
tion. It is probable, therefore, that the insect possesses an efficient 
glycogen-manufacturing mechanism by which carbohydrates are 
transformed into glycogen. This in turn may account for the rela- 
tively small quantities of free reducing sugars normally present in the 
blood. 

Both total phosphorus and inorganic phosphorus are very high as 
compared with the phosphorus in human serum, but the values are not 
unusual for insects. Brecher {10) found phosphorus to be high in 
Pieris brassicae; and Bishop, Briggs, and Konzoni {6) found a similar 
condition in the blood of honeybee larvae. 

Cholesterol is such an important constituent of human blood that 
the relatively small quantities found in the larval blood seem espe- 
cially in tei'esting. 
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SUMMARY 

Tke blood (liemolympli) of sixth-instar larvae of the southern 
army worm (Prodenia eridama (Cram.)) has been analyzed. 

A brief description has been given of the blood with some of its 
physical properties, viz, approximate blood volume, color, density, f 
osmotic pressure, and pH value. 

The blood gives positive Millon, Hopkins-Cole, xanthoproteic, 
Adamkiewicz, biuret, Molisch, Pettenkofer, and carotinoid reactions. 

The sodium nitroprusside and bromine tests were negative. r 

Some of the digestive enzymes of the blood have been determined, 
Invertase and lipase were demonstrated, but amylase, pepsin, trypsin, 
and erepsin were not found. 

The body temperature of the insect was found to be 1.5“^ C. below 
room temperature. 

The oxygen capacity was found to be slightly less than that of 
normal saline, and so it was concluded that no respiratory protein or 
pigment was present. 

Total nitrogen, nonprotein nitrogen, amino nitrogen, proteins, 
apparent “creatinine, urea, uric acid, potassium, sodium, calcium, 
magnesium, copper, total, inorganic, and ethereal sulphur, chlorides, 
total reducing substances, substances fermented by yeast, glycogen, 
total lipoids, phospholipoids, cholesterol, and total and inorganic 
phosphorus have been determined quantitatively. 

No evidence was obtained to account for the seeming abnormal con- 
centrations of several of the constituents. 
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THE BIOLOGICAL DISPOSITION OF ROTENONE AFTER 
INGESTION BY THE SOUTHERN ARMYWORM ‘ 

By P. A. Woke 

Assistant entomologist, Division of Control Investigations, Bureau of lAitsmx}logy 
and Plant Ouarantine, United States Department of Agriculture 

INTRODUCTION 

The toxic action of ingested rotenone has been observed to vary 
markedly with different species of insects. Campbell “ in 1929 (8) 
using the sandwich method described by Campbell and Filmer (f), 
determined the median lethal dose for fourth-instar silkworms (Born- 
byx mori L.) to be near 0.003 mg per gram of body weight. Hans- 
beri\y and Richardson (4) state that this value was twice duplicated 
in their laboratory, and that the same value had been obtained by 
Kagy. They also report a median lethal dose for Vanessa cardui (L.) 
of 0.03 mg per gram. Swingle (9) reports that cabbage worms died 
within 24 hours after eating ver}^ small quantities of a gelatin film con- 
taining denis. There are indications ^ that rotenone may be toxic 
in similar small dosages to several other species of insects. There are 
also indications that ingested I’otenone exerts little or no toxic action 
on certain other species, tiansberry and Richardson (4) found that 
a dose of 0.49 mg per gram was apparently non toxic to Heliothis obso- 
Jeta (F.). This dose, they point out, is 16 times the median lethal dose 
for Vanessa cardui and 160 times that for Bombyx tnori. Tlie high 
specificity of this toxicant suggests a relationship to diflerences in the 
physiological characteristics of the different species of insects and to 
their food (8). 

According to Liglitbody and Mathews (7), the toxicity of rotenone 
to white rats is increased b^^ feeding it dissolved in oil, or by feeding 
oil following rotenone. 

Ambrose and Haag (1) report that their studies on the toxicity of 
derris to mammals indicate that part or all of the rotenone ingested 
may be absorbed and slowly excreted into the intestinal tractj and that 
it is eliminated ill the feces either free or in some form closely resem- 
bling rotenone. Species difference in toxic action was observed. 

Tlie present investigation was undertaken to determine the biolog- 
ical disposition of rotenone after ingestion b^^ the southern armyworm 
(Prodenia eridania (Cram.)). 

Preliminary experiments had shown that sixth-instar larvae of the 
southern armywmrm ingest turnip-leaf sandwnches containing 5mg of 
rotenone as readily as they do similar sandwiches without roteiione, 
and that healthy larvae apparently suffer no ill effects from the inges- 
tion of this quantity of rotenone. There was some evidence, liowever, 
that toxic action may be produced under certain, perhaps abnormal, 
conditions. 

‘ Received for publication May 19. 1938: issued November 1938, 

2 Campbell, P. L. beview of information on the insecticidal value of rotenone. U. S. Bur. 
Ent. Xlimeo. Cir. E--298, 28 pp. 1932. 

s Italic numbers in parentheses refer to Literature Cited, p. 712. 
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MATERIALS AND METHODS 

The larvae used in these experiments were sixth instars of the 
southern army worm reared in a greenhouse insectaiy on turnip 
plants and cut lettuce. The rotenone used was as nearly pure as 
could be determined by chemical examination.^ 

Toxicity was determined by the use of mosquito larvae (Culex 
fatigans Wied.) as biological indicators according to the method re- 
ported by Campbell and associates (S, 6). This method has been 
used successfully for the determination of comparative toxicity of a 
number of insecticidal substances, including rotenone (5), to which 
mosquito larvae are rather sensitive. 

The rotenone was fed to the armyworm larvae in sandwiches, each 
of wliich was prepared as follows: Disks 22 mm in diameter were cut 
from turnip leaves. One disk was lightly coated on the smooth side 
with starch paste, and 5 mg of rotenone was distributed evenly over 
the surface. A second disk, also lightly coated with starch paste on 
the smooth side, vras caused to adhere to the first disk with the rote- 
none between. 

The larvae were removed from food several hours before being- 
offered the sandwiches. Each larva was placed in a 150-ml beaker 
with one sandwich and kept for 18 hours overnight. In the morning 
all the laiwae that had ingested entire sandwiches were selected and 
were conserved on fresh turnip leaves 24 hours longer. It was assumed 
that tliis period of time would be ample for the complete evacuation 
from the alimenta^ canal of all the rotenone or rotenone derivatives 
that might be eliminated. 

The presence of unaltered rotenone in the tissues, in the contents 
of the gut, or in the feces of the larvae would be detectable by testing 
acetone extracts of these materials against mosquito larvae used as 
biological indicators. Accordingly the materials were prepared for 
this purpose. All the feces egested by all the armyworm larvae 
during the 42-hour period were collected and combined. The army- 
worm larvae were dissected, and the contents of the guts of all the larvae 
were removed and combined. The tissues of all the larvae were also 
conabined. Each of the three materials was ground with sand, 
desiccated at 50® C. in a partial vacuum, reground, and extracted 
four times at room temperature with 50 ml of acetone. Satisfactory 
extraction was obtained by this method, as indicated by the applica- 
tion to the marc of the color test for rotenone (d). 

By experiment it was determined that 0.2 ml of acetone per milli- 
gram of rotenone is well above the minimum quantity required to 
hold the rotenone in solution, and that this quantity of acetone, 
without rotenone, in 0.1 percent gelatin solution is not toxic to mos- 
quito larvae in the lowest dilution employed, as described below. It 
was also determined that, if impurities were present in the acetone, 
they were not toxic to mosquito larvae even when concentrated by 
the evaporation of a large quantity of acetone. On the basis of these 
facts, the excess acetone was eliminated by evaporation at 25®-30® C. 
in a partial vacuum, leaving the final volume of acetone as 0.2 ml for 
each milligram of rotenone originally ingested by the larvae. 

* A sample of the rotenone was analyzed for purity by C, C. Cassil, of the Division of Insecticide In vestl- 
gations of this Bureau. The Gross-Smith color test showed 98 percent purity, and the optical rotatory power, 
la] was found to be "-222. 5®, as compared with —220.8® given by pure rotenone. 
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Each, of the three extracts that were prepared as outlined above was 
tested against mosquito larvae to determine the presence of a substance 
toxic to these insects. The absence of such toxic substance would 
indicate the absence of rotenone, while the presence of such would 
require its identification as rotenone or some other toxic siibstancej 
probably a rotenone derivative. Each of the three extracts was 
placed in distilled water containing 0.1 percent of gelatin. On the 
assumption, wliich proved correct, that all the rotenone ingested by 
the larvae might be in one extract, dilutions of the extracts at the rate 
of 1 part of rotenone to 100,000, 500,000, 750,000, and 1,000,000 
parts of gelatin solution were prepared. One hundred milliliters of 
each of the four dilutions of each of the three extracts (12 samples) 
was placed in each of 12 Erlenmeyer flasks. Twelve lots of 100 
mosquito larvae each were prepared, and one lot was placed in each 
flask. The mortality was determined after exposure for 20 hours at 
29° C. in the dark. 

The tests, which were prepared as outlined above, were accompanied 
by three checks. The term ^Test'^ as here used refers to the diluted 
extracts of material prepared from southern arrnyworm larvae that 
had ingested rotenone. One check consisted of diluted extracts of 
materials prepared from arrnyworm larvae that had not ingested 
rotenone and to which rotenone had not been added. The purpose of 
this check was to determine the possible toxic influence of the extracts 
of the larval materials alone on the mosquito laiwae. The second 
check was like the first except that a quantity of rotenone equal to 
that ingested by the larvae from which the tests were prepai'ed|was 
mixed with each of the three materials— feces, contents of the gut, 
and tissues of the larvae — at the time the materials were ground 
before extraction. The purpose of this check was to determine the 
toxic influence of a known quantity of rotenone added to the larval 
materials. A third check consisted of dilutions of a gelatin solution 
of a quantity of rotenone equal to that ingested by the arrnyworm 
larvae from which the tests were prepared. Its purpose was to 
determine the toxic action of a known quantity of rotenone without 
the larval materials. In all respects except as indicated the checks 
were prepared in precisely the same manner as were the tests. 

The arrangement as outlined above constituted one trial, and was 
carried out three times to increase the reliability of ^ the results. 
Essentially the same results were obtained in all three trials.^ 

From 7 to 10 arrnyworm larvae were used for the preparation of the 
test materials in each trial, or a minimum of 24 larvae for the three 
trials. In each trial the same mnnbers of larvae were used in the 
preparation of each check that were prepared from army worm mate- 
rials. A minimum of 72 larvae were therefore used altogether in the 
preparation of the tests and two checks. 

RESULTS 

The results are summarized in table 1. Each figure is the average 
mortality of the 1,200 mosquito larvae in all four dilutions and in all 
three trials. 

From an examination of these figures it is apparent that the extracts 
of the tissues and of the gut contents of rotenone-fed larvae possessed 
practically no toxicity, while the extract of the feces of the same 
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larvae were highly toxic. The possible influence of the extracts of the 
larval materials alone on the toxicity may be dipegarded, since the 
negligible mortality in the no-rotenone check indicates that they 
possess little or no toxicity. The mortality in the second check is 
high and indicates approximately the mortality that might be expected 
should all the rotenone ingested by the armyworm larvae appear in 
any one of the three test materials. _ Rotenone in gelatin solution 
without larval extracts gave similar high mortality. 

Table 1. — Toxicity to mosquito larvae of acetone extracts of tissues, gut contents, and 
feces of southern aiunyworm larvae that had ingested rotenone, and of similar 
extracts of larvae that had not ingested rotenone when rotenone was and loas not 
added before extraction 


Acetone extracts of materials Irom armyworm larvae 

Average mortality of mosquito larvae 
exposed to— 

Extracts of 
armyworm 
larvae that 
had ingested 
rotenone 
(tests) 

Extracts of army worm lar- 
vae that had not ingested 
rotenone (checks) 

No rotenone 
added before 
extraction 

Rotenone 
added before 
extraction 

Larval tissues fgut contents removed) 

Percent 

0. 75 
.91 
82. 50 

Percent 

0. 33 
. 17 

1. 17 

Percent 

86. 00 
85. 25 
85. 41 
89. 00 

Gut contents - - 

Feces 

Gelatin solution without larval extract (check) .. 


i 



The practical absence of mortality of mosquito larvae exposed to 
extracts from tissues and gut contents of larvae that had ingested 
rotenone indicates that rotenone is not present in the tissues of larvae 
or in the contents of the digestive tract 24 to 42 hours after ingestion 
of the substance^ at least in quantities sufficient to be detected by the 
method used. 

The toxicity of the fecal extracts of rotenone-fed larvae was similar 
to the toxicity of the fecal extract of the rotenone-added check and 
also of the rotenone-only check, and indicates the presence of rotenone 
or of some other toxic agent. 

Microscopic examination of the feces of larvae that had ingested 
rotenone revealed the presence of quantities of apparently unaltered 
particles, assumed to be those of rotenone by their similarity to the 
same material before ingestion and by their absence from feces of 
larvae that had not ingested rotenone. The occurrence of toxicity in 
feces of larvae that have ingested rotenone equivalent to that in 
feces of normal larvae to which a quantity of rotenone equal to that 
ingested by the first group of larvae has been added probably indh 
cates, if no chemical change has occurred, that rotenone ingested by 
these larvae is wholly or largely eliminated in the feces. 

Since the known derivatives of rotenone that are at all likely to be 
producible in the gut of the insect are nontoxic or of decidedly lower 
toxicity than rotenone, and since the color test for rotenone (d) was 
observed, it is probable that chemical change has iiot occurred and 
that the observed toxicity is due to the presence of rotenone. 

Preliminary experiments in which the desiccation of the larval 
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material, the extractions, and the evaporation of tlie acetone were 
performed with heat at atmospheric pressure gave similar results. 
The rediiced-pressiire method finally used, however, prevents the 
desti'uction of the rotenone or reduction of its toxicity due to heat or 
to prolonged boiling in solution. 

SUPPLEMENTARY EXPERIMENTS 

DISPOSITION OF INGESTED ROTENONE AS DETERMINED BY CHEMICAL METHODS- 

To substantiate the biological evidence with chemical evidence, 
feces from 11 larvae that had ingested 5 mg of rotenone eacli were 
tested ^ for the possible identification of rotenone and determination 
of the quantity that passed through the insect imchanged. By the 
Gross-Smith colorimetric method of estimating rotenone, 45 mg of 
rotenone was found in the entire feces and 2 mg was foimd in the 
acetone washings of the beakers in which the feces had been collected. 
This is a total of 47 mg out of the 55 mg that had been fed to the 11 
larvae. That the material in the feces was really rotenone was deter- 
mined by the fact that it gave the Durham blue color test, and more 
definitely by the fact that crystals obtained from the extract had the 
common habit of rotenone crystals and showed certain optical prop- 
erties, that is, parallel extinction and alpha and gamma indices of 
refraction, the same as piii’e rotenone. 

EFFECTS OF ISOLATED LARVAL TISSUES ON THE TOXICITY OF ROTENONBI 

Another experiment was conducted to determine wliether tlie 
toxicity of rotenone would be affected by incubation with any of the 
separate isolated tissues or the gut contents of the soutliein army- 
worm. The blood, skin, tissues of the digestive tract and the mal- 
pighiaii tubules, muscular tissues, fat body, contents of the foregut 
and the hindgut, and contents of the midgiit were isolated from 10 
healthy larvae and corresponding kinds of materials combined. Five 
milligrams of rotenone was mixed with each kind of material, which 
was then ground with sand in a mortar. The thoroughh^ mixed and 
ground materials were incubated in the dark for 18 hours at 29° C., 
desiccated, extracted with acetone, and tested against mosquito 
larvae for the presence of toxic principles as previously described. 
Corresponding materials from 10 other healthy army worm larvae 
were treated in the same manner, except that rotenone was not mixed 
with them, to serve as checks for determination of the possible toxic 
eftects of the larval material alone on the mosquito larvae. An ace- 
tone solution of rotenone served to demonstrate the toxic effects of 
rotenone alone. 

The mosquito larvae appeared to be unaffected by the extracts of 
the larval tissue and the contents of the digestive tract that had been 
incubated without rotenone, as indicated by the low mortality, which 
averaged only 0.83 percent. The mortality of the mosquito larvae 
in the tests in which rotenone was incubated with the various tissues 
and with the contents of the digestive tract averaged 98 percent, 
corresponding closely to that of the rotenone-only check, wiiich aver- 
aged 99.3 percent. The results of this experiment indicate that little 

s Thcvse analyses were made by G. C. Cassil and E. L. Gooden, of the Division of Insecticide Investiga- 
tions. , ' 
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or no reduction in toxicity of rotenone occurs during incubation for 
18 hours in the dark at 29° C. with any of the tissues or with the gut 
contents. 

SUMMARY AND CONCLUSIONS 

Experiments %vere made to determine the biological disposition of 
rotenone after ingestion by the southern arniyworm {Prodenia eridania 
(Cram.)). Sixth-instar larvae that had been reared on turnip plants 
and cut lettuce were used. Rotenone was fed to the larvae in sand- 
wiches, and after intervals of time acetone extracts of the tissues, gut 
contents, and feces wexe prepared and tested against mosquito larvae 
for the determination of toxicity. Suitable checks were employed. 

The results show that the southern armyworm larva, after ingesting 
5 mg of rotenone, eliminates all or most of the substance with its 
feces. This result was substantiated by chemical tests. 

It W'as also showm that the toxicity of finely powdered rotenone to 
mosquito larvae is not altered to a demonstrable extent after 18 
hours' incubation in the dark at 29° C. with the various tissues or 
ivith the contents of the digestive tract. 
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SAMPLING ERROR IN TIMBER SURVEYS ^ ^ 

By A. A. Hasel, 

Associate silviculturist, California Forest and Range Experiment Station A 
Forest Service ^ United States Department of Agriculture 

INTRODUCTION 

In cruising timber, the mean volume of any given area is usually 
estimated from the mean volume per unit area of a small percentage 
of the timberland taken as a sample. This estimated mean volume 
mil inevitably differ to some extent from the true mean volume. 
With the elimination of such factors as bias in measurement of trees 
and of areas or use of inappropriate volume tables, the probable 
range of difference between true mean volume and estimated mean 
volume is dependent upon sampling error alone. If the plots or 
sampling units m.aking up the sample meet the conditions of inde- 
pendent and random selection, the sample itself contains the informa- 
tion needed for estimating sampling error. 

While it is of interest to know with what precision the estimated 
mean has been found, it is vitally more important from an economic 
standpoint to be able to predetermine what shall be a sufficient 
sample for an assumed allowable range of error. If the sampling 
error is not already known, it is necessary to take a preliminary 
sample of the area to gain this information. From this, it is possible 
to establish the intensity of the cruise that will produce results within 
the assumed allowable range of error of the mean. It is then necessary 
only to provide for occasional supplementary checks, as the cruise 
progresses, for adequacy of the work done. 

In regular cruising practice a systematic arrangement of plots is 
used in which the sample is made up of contiguous plots forming equi- 
distant strips, or of plots taken at regular intervals along equidistant 
lines. In most timber surveys, cover type and topographic maps 
are made in conjunction with the cruise, and for this purpose it is 
desirable that cruise hues be spaced equidistant in order that all 
parts o! the area may be mapped to a satisfactory standard. As 
stand and type variation are generally greatest at right angles to 
contour lines, the cruise lines are usually run in that direction, aiKl 
plots are spaced closer along lines than between lines. By this 
procedure type and contour lines are more readily located and mapped, 
and the more intensive sampling in the direction of greatest variation 
improves the accuracy of volume estimates. 

This arbitrary spacing of plots presents difficulties, should a test 
of adequacy of sampling be attempted by treatment as a random 
sample in statistical analysis, since it violates the basic requirement 
that each possible plot in an area have an equal and independent 

J Received for publication April 26, 1938; isFued December 19a8. . , ^ 

2 Appreciation is extended to the Works Progress Administration for assistance rendered by statistical 

workers employed on Project No. 365-03-3-35. , , . . 

3 Maintained at Berkeley, Calif., in cooperation with the University of California. : 
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chance of selection in sampling. Experiments in field^ crops have 
shown time and again that there is systematic variation in yield 
from one part of an area to another. Adjacent or neighboring plots 
tend on the average to be more abke than plots farther apart. With- 
out previous knowledge of an area, it should be assumed that a 
population of plots is more or less heterogeneous, regardless of appear- 
ance of uniformity. The only method of assuring that the elements 
contributing to heterogeneity are represented in the sample in about 
them true proportion is to select at random the plots or parts of a 
1 sample contributing the estimate of sampling error. The plots 

indicated for cruising may, for example, be selected by drawing from 
j i thoroughly mixed numbers designating each possible plot location. 

After each draw, the numbered slip is returned and the numbers 
mixed before another draw. Kepeats of plot numbers are rejected, 
as the objective is a fixed percentage of total area in the sample 
vdth each plot selected contributing the same amount of infomation 
per unit of area. An improvement over tliis method, assuring the 
same freedom of selection, is the use of Tippett^s random sampling 
numbers {11)} The locating of such plots on the ground may be 
less convenient than vuth systematically spaced plots and may also 
make necessary the running of additional line for mapping. This is 
the sacrifice necessary for assurance of a valid estimate of error. 

The fact that the sampling of timber stands, except for technique 
in collection of data, is essentially^ the same as any other problem in 
sampling in which soil heterogeneity is likely to be present, has not 
been fully recognized. Apparently advantage has not been taken of 
methods of testing for heterogeneity and, if indicated, of eliminating 
its effect on estimates of sampling error — methods first proposed and 
described by Fisher and Mackenzie {3) in 1923. Areas considered as 
of the same timber type, condition class, age class, and site quality 
have been treated as homogeneous populations. Various arbitrary 
plot spacings have been used. Mudgett and Gevorkiantz {6) in 
estimating the reliability of forest surveys in Wisconsin used plots at 
one-eighth mile intervals along parallel lines 1, 2, or 3 miles apart. 
Within the break-downs made in a type the errors of random sampling 
were based on total variation between systematically arranged plots. 
In the bottom-land hardwood forest survey, Schumacher and Bull (9) 
based their estimate of error on plots at one-eighth mile intervals along 
lines 3 miles apart. The plots were grouped according to forest con- 
dition, i. e., virgin, cut-oyer, second growth, etc., and the weighted 
mean of the standard deviations so obtained was used in estimating 
sampling error. In Nevr England, Goodspeed (4) compared line-plot 
survey, using plots at 165-foot intervals along lines 330 feet apart, 
with continuous-strip suiwey along the same lines, taMng each 165-foot 
length of strip as an independent observation. Since the strips and 
plots overlapped 44.5 percent, variation in sampling was actually con- 
fined to 55.5 percent of each sample. From statistical analysis of the 
data he concluded that the two methods, when applied with equal 
precision, gave essentially similar and equally reliable results. Preston 
(7) recommended statistical analysis of systematic hue-plot cruises 
and suggested that timber types be mapped separately and prior to 
sampling. He pointed out the futihty of adhering to a 5- or lO-per- 
cent, or any other fixed, preconceived intensity of cruise. 

* Italic numbers in parenth^es refer to Literature Cited, p. 736 , 
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In Canada, Wright (12) used plots at 10-chain intervals along lines 
10 chains apart. In strip survey his strips were run at half-mile 
intervals, and the tally kept separately by 2-chain segments. Seven 
estimates were made by taldng the first 6 chains in each half mile of 
strip as a plot, the next 6 chains for a plot in the second sample, and 
so on to the seventh sample which was made up of plots 4 chains in 
length. The average of these seven sample estimates of variation was 
applied to the mean of all plots in calculating sampling error. Wright 
stated that the main requirement in the use of statistical methods in 
examining the accuracy of an estimate was to have a reliable figure for 
standard deviation, Kobertson (8) favored small plots evenly dis- 
tributed over the area as against a few hand-picked large plots, with 
analysis of data from time to time during the survey to insure the 
taking of sufficient plots to give an accuracy within the required limits 
for any given factor. The line-plot arrangement he found to be more 
accurate than the strip. Since in strip survey the plots are contiguous 
in one direction, he suggested that they represented conditions in 
that direction beyond their due proportion. Candy (1) stated that 
any method of survey for which it is possible to calculate the accuracy 
of the estimate obtained, is very much superior to methods in which 
the accuracy of estimate is doubtful and not at all calculable. He 
used both systematic strip and line plot, and concluded that only with 
line plots could adequacy of sampling be determined. 

In the present study the true mean volume and the true variation 
between plots are known for an area of 5,760 acres. The distribution 
of plot volumes is known to approach that of the normal frequency 
distribution. Thus all of the essential statistical information regarcl- 
ing the population is at hand. The expected range of sample means 
from the true mean is calculated, taking into account the effect of 
such factors as size, shape, arrangement of plots, and intensity of 
sampling. From samples taken according to the specifications set 
up, the observed range of means from the true is compared with the 
expected range. Checks of theoretical with actual efficiency of 
sampling methods are readily made, since the timbered area studied 
is part of the Blacks Mountain experimental forest, in wliich the total 
timbered area of 9,078 acres has been completely inventoried and 
plot locations, cover types, and topography mapped. The usual 
assumption that systematically spaced plots do fulfill the requirements 
of independent and random selection is tested, both for strip and line- 
plot arrangements. Efficiency of different methods of cruising is 
determined on the basis of relative intensity of sampling required for a 
given accuracy of estimate. For cruises giving valid estimates of 
sampling error, the precision of sample estimates of population variance 
is given. 

MATERIAL AND METHODS 

The 5,760 acres of virgin timber on which the analyses are based is 
located in northeastern California, within the Lassen National Forest. 
The timber type is classed as pure pine, with more than 90 percent of 
the volume in ponderosa pine (Finns ponderosa Dougl.) and Jeffrey 
pine (P. jeffreyi Oreg. Com.). The other timber species are white fir 
(Abies concolor Lindley and Gordon) and incense oedsa (^Libocedms 
decurrens Tott.), The stand is aU-aged, with young and overmature 
age classes well represented, but is understocked owing to light rep- 
resentation in the intervening age classes. With the exception of 
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small areas, the stand over the entire area appears uniform to the eye 
and not stratified according to any of the criteria used in mapping 
such stands. In other words, it appears to he a fairly homogeneous 
population. 

The nine sections shown in figure 1 were selected for study because 
they were full sections and, with the exception of small areas, com- 
pletely timbered. Board-foot volumes of trees 12 inches and more 
in diameter were totaled for the 2,.304 individual 2.5_-acre plots con- 
tained in the nine sections. These plots, rectangular in shape (2.5 by 
10 chains), are designated as basic plots. In addition, because their 



Figube 1. — Contour lines and section numbers of area selected for analysis from 
the Blacks Mountain Experimental Forest, 

locatio,iis are Jiiapped, adjacent plots may be combined into totals of 
1,152 5-acre plots (5 by 10 chains), 576 10-acre plots (10 by 10 chains), 
or other shapes and sizes in multiples of the basic plot size and 
dimensions. 

Some irregularity in size and shape of basic plots along section 
lines was unavoidable owing to variation of sections from exact mile 
squares. For these plots the volumes were proportionately reduced 
or increased to the 2.5-acre basis. The adjustments needed amounted 
to a negligible percent of the total. All basic plots were taken with 
the long axis in an east-west direGtion. 

Subdivisions larger than plots are termed blocks, and are usually 
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sections, half sections, or sections. Figure 2 shows the size and shape 
of plots and blocks mainly used. When a plot making up part of a 
sample is selected independently and at random it constitutes a ran- 
dom sampling unit. When plots are spaced at regular intervals along 
lines, and the lines selected independently and at random, the line- 
plot combination is the sampling unit. * Likewise, where plots are 
contiguous end to end forming strips and the strips are selected inde- 
pendently and at random, the strip constitutes the sampling unit. 
The resulting arrangements may be termed random line plot and 
random strip, respectively. When the sampling units are taken at 
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Figure 2.-— Size and shape of plots and blocks: /S, Section (640 acres); Q, quarter 
section (160 acres); smaller units designated by area in acres. 

random from all possible in the population, the sampling is referred to 
simply as random, as contrasted to selection of equal numbers of units 
from each block, which is termed ^^random within blocksT Systematic 
strip and line-plot arrangements are representative samples in that 
each block is sampled to the same intensity, but are not random. 

The total variation between random sampling units is apportioned 
into parts contributed by various known sources and the error vari- 
ance segregated by the analysis of variance method of Fisher. De- 
scriptions of this method and others used in the study are given by 
Fisher (;^, S) and Snedecor {10} y and an instructive application of the 

j .T„ /r\ , 
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RESULTS 

SIZE AND SHAPE OP PLOT 

The essential information concerning stand variability is given in 
table 1. The mean square ratios all exceed F at 0.01 as given by 
Snedecor {10), and therefore volume is correlated with place and the 
population is heterogeneous. In general, variation between plot 


Table 1. — Analysis of variance 


Source of variation 

Sum of 
squares 

Degrees 
of free- 
dom 

Mean square 

jpi 

Fat 

0.012 

Sections from general mean 

Quarter sections within sections - 

Forties within quarter sections, 

Tens within forties 

109, 693. 3526 
57,937.4032 
66,569. 5344 
161, 109. 7722 
121,940.8201 
133,337.7395 

8 

27 

108 

432 

576 

1,152 

13, 711. 6691 
2, 145. 8297 
616. 3846 
372. 9393 
211. 7028 
115. 7446 

6.39 

3.48 

1.65 

1.76 

1.83 

3. 26 
1.98 
1.11 
1.08 
1.04 

Fives within tens 

plots within f5vft.q . __ 

Total, basic plots from general mean 



650, 588. 6220 

2, 303 

3 282. 4961 




1 jf mean square 

smaller mean square. 

2 As given by Snedecor (see text). Values equal to or exceeding these indicate that differences are highly 
signi ficant s tatistically. 

3-7282.4961 =16.81 =standard deviation of a basic plot from the population mean of 40.83 thousand feet board 
measure, 

volumes tends to increase as the distance between plots is increased. 
For this reason, size and shape of plot will be an important factor in 
efficiency of sampling. Two plots taken side by side will in general 
include less of the stand variation within their combined area and more 
will remain between such pairs than will be the case with pairs of 
separated plots. Thus variation between 5-acre plots will be greater 
than variation between 5-acre sampling units each made up of two 

2.5-acre plots spaced apart along a line. Likewise, owing to correla- 
tion between adjacent plots, variation between 5-acre plots, expressed 
in terms of single 2.5-acre plots taken as parts of 5^s, will be greater 
than variation between 2.5-acre plots as random sampling units. 
Less stand variation per unit of area is included within 5-acre plots as 
sampling units than within 2.5-acre sampling units. 

The mean square between 2.5-acre plots in table 2 is the total mean 
square from table 1. It is the error variance of randomly selected 

2.5-acre plots. The corresponding value for 5-acre plots is obtained 
from table 1 by pooling sums of squares and degrees of freedom from 
5’s within lO’s up to and including sections from general mean. 
The quotient of these two summations — 449.3926—is the mean 
square of randomly selected 5-acre plots, expressed in terms of single 

2.5-acre plots. ^ This is considerably larger than 282.4961, and the 
effect on sampling efficiency is evident from the following formula for 
variance of a mean: 

in which 

o'iif^=the variance of a sample mean, or the standard error squared 
cr2= the variance, or mean square, of the basic plots 
7i=the number of basic plots. 
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^ For a given standard error, n will need to be 449.3926/282.4961== 1.59 
times as great with 5-acre plots as with 2.5-acre plots. In random 
sampling from an unlimited population, 1.59 times as much land is 
needed in sample area with 5-acre plots as with 2.5-acre plots to 
assure the same precision. 

Stated in another way, 282.4961/449.3926=62.86 percent, the 
efficiency of 5-acre plots as compared to 2.5-acre. To equal in pre- 
cision the estimate of volume based on sampling with 5-acre plots, an 
area only 62.86 percent as large would be needed with the smaller 
plots. The advantage of 2.5-acre plots over 10-acre plots is still 
greater. 

When plots and sampling units larger than the basic plots are used, 
the variance is then weighted according to the number of basic plots 
in the larger plot. Likewise n is in terms of basic plots. Obviously, 
the resulting standard error obtained is not affected. To keep mean 
squares directly comparable regardless of size, shape, or arrangement 
of plots used, they are expressed in terms of single basic plots through- 
out this article. 

It is evident from table 2 that, among the 10-acre plots, the long, 
narrow shape is the most efficient. This is due partly to the presence 
of small nontimbepd areas of such shape that several 10 by 10 and 
5 by 20 plots contained little or no volume and consequently increased 
the average variation. The effect of placing of plots with respect 


Table 2. — Relative efficiency of plots of varying size and shape in the use of land 


Plot sifte and shape 

Mean square 

Efficiency 

Relative size 
of sample for 
a given pre- 
cision of 
estimate 

2.5-aere: 2.6 by 10 chains ^ - 

282.4961 

Percent 

100. 00 

1.00 

5-acre: 6 by 10 chains 

449.3926 

62. 86 

1. 59 

10-acre: 

2.5 by 40 chains... - 

2 566.0602 

49. 90 

2.00 

5 by 20 chains 

2 711.8291 

39. 68 

2.52 

10 by 10 chains. 

687,4958 

41.09 

2.43 


1 1 chain=66 feet. 

3 Obtained by separate calculation of population variance. All other mean squares obtained from table 1 
directly by pooling degrees of freedom and sums of squares. 


I to direction of greatest stand variation is illustoated in figure 1. 

Variation in timber stands is usually greatest at right angles to the 
: contour lines. In collecting the present data, the longer plot axis 

I I always extended in an east-west direction. Thus, within sections 

having marked changes in elevation, sections 24 and 13 were cruised 
with plot length in the direction of greatest variation, section 7 at 
a 45-degree angle to greatest variation, and section 3 parallel to great- 
est variation. In this respect it would seem that sampling by sec- 
tions about balances. Had length always been taken at right angles 
to the contours, the advantages of long, narrow plots would be greater, 
and possibly the 5 by 20 plots would appear as superior to the 10 by 10. 
It should be emphasized that the results in table 2 are based on 
I random sampling from a theoretically infinite parent population, 

I In sampling methods discussed later, where corrections are made 

• to the mean of the limited population and variation between blocks 
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eliminated, these relative efficiencies will not be exactly true, although 
quite close. 


RANDOM PLOT AND RANDOM-WITHIN-BLOCK CRUISES 


As previously stated, in sampling^ a heterogeneous population it is 
necessary to select the sampling units independently and at random 
to insme that the heterogeneous elements are represented in about 
their true proportion. Using 2.5-acre plots as sampling units, ran- 
dom sample estimates of variance will tend to approach 282.4961, 
the true variance. As the nuinber of sample estimates is increased, 
their average wdll approach more closely to the true, and likewise, 
estimates from larger samples will be grouped closely about the true 
variance and closely in accord with the normal law of frequency of 
error. A valid sample estimate of variance may be substituted in 
formula (1), in which n is known and the standard error calculated. 
This tells us the range from the sample mean within which the chances 
are 2 in 3 that the true or population mean lies.^ By doubling the 
standard error obtained we have the range for which the chances are 
19 in 20. 

With intensive sampling, formula (1) gives appreciable overesti- 
mates of sampling error because^ it estimates the range from the 
theoretical infinite parent-population mean while here we are inter- 
ested in range from a parent population limited to 2,304 2.5-acre 
plots. By substituting 2,304 as n in the formula we can get the esti- 
mated range of the population mean from the limited population 
mean. This is the irrevelant portion of total variance of sample 

means and is represented by ^in the following formula: 


in which 



N 


(2) 


JV=the number of 2.5-acre plots in the limited population 
(a constant=2,304). 


In practice a single estimate of variance together with the sample 
mean are the two statistics supplied. With the present data the true 
variance and mean are known for the limited population, and by vary- 
ing n in formula (2) the expected grouping of sample means about the 
true mean can be calculated for different intensities of sampling. 
Since changes with varying size and shape of plot, the effect of these 
factors is also reflected in the expected grouping of sample means. 
The appropriate mean squares for substitution as cr^ in formula (2) 
are given in table 3, the values for which are derived from table 1. 
The expected standard errors for random samples of varying inten- 
sity, made up of plots of varying size, are given in table 4. In all, 
the expected standard errors based on true variance are shown for 
seven such cruises by the random arrangement of plots. For each 
cruise, four independent samples were drawn to compare expected 
values with observed values. The 2,304 plots were numbered con- 
secutively and the required number of plots for each cruise selected 
by use of TippetFs (II) random sampling numbers. The sample 
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estimates of standard error and deviations from the true mean are 
shown in table 4 along with the corresponding true standard error. 

Table 3. — Variance of plots froin the general ynean and from block means 


Plot size and source of variation 

Sura of 
squares 

Degrees of 
freedom 

Mean 
square ^ 

I Variance 
i of plot 
means 2 

Standard 

deviation 

2.5-acre: 






From general mean 

650, 588. 6220 

2,303 

282. 4961 

2S2.4961 

16. SI 

Within sections 

540,895.2694 

2, 295 

235. 6842 

235.6842 

15.35 

Within quarter sections 

482, 957. 8662 i 

2, 268 

212. 9444 

212.9444 

14, 59 

Within forties 

416,388.3318 i 

2 , 160 

192. 7724 

192. 7724 

13.88 

5-acre; 






From general mean 

517, 250, 8825 

1, 151 

i 449.3926 

224. 6963 

14.99 

Within sections 

407, 557. 5299 

1,143 

356.5683 

178. 2842 

13. 35 

Within quarter sections 

349, 620. 1267 

1,116 

i 313. 2797 

156. 6398 

1 12. 52 

10-acre: 






From general mean 

395,310.0624 

575 

i 687. 4958 

171.8739 

13. 11 

Within sections.— 

285,616.7098 

567 

503. 7332 

125. 9333 

11. 22 

Within quarter sections 

227, 679. 3066 

540 

421.6283 

105. 4071 

10. 27 


1 Variance of a single basic (2.5 acre) plot. 

3 Variance of the mean of basic plots making up larger plots. 


Table 4. — Expected and observed deviations of sample means from the true mean 

volume ^ 


Plot and sample size 


SJ-i-percent-. 


6M -percent.. 


12H-percent., 


6K-percent-. 


12J'^-percent.. 


6H-percent., 


121-^-percent-. 


population 


Standard 
error based 
on popu- 
lation 
variance 


Percent of 
40.83 


population 

variance 


Percent of 
40.83 

r 4.85 


•om total 

Random sampling within blocks 2 

Observed 

Standard 
error based 

standard 

Observed 

deviation 

error based 

deviation 

of sample 

on sample 

of sample 

mean from 

lation 

variance 

estimate of 

mean from 

the true 
mean 

population 

variance 

tlie true 
mean 

Percent of 

Percent of 

Percent of 

Percent of 

40.83 

4 O. 8 S 

4 O. 8 S 

40 M 

-4.38 

1 

( 4. 36 

+9. IS 

-fl,89 

[ 4. 14 

i 4. 26 

12 

+1. 10 

1 4. 36 

-3. 58 

-3.11 

) 

t 4.38 

+ 1.86 

-1-4, 16 


2.64 i 

-.83 

-.81 

[ 2.88 

J 2.82 

+.37 

-1.03 

1 3. 60 

+3. 87 

-1.47 

1 

[ 2. 91 

+3.08 

+1.86 

I 

1. 62 

1 “2. 08 

+1. 79 


1 1.69 

1 +2. 91 

-2.89 


1 1. 66 

! ■ -LOS 

-42 

J 

1 1.89 

.■-1.40 

-3.16 

] 

f 4.14 

+3. SO 

+9. 58 

[ 3. 50 

1 3.92 

, -3.92 

+1.08 

1 3. 82 

-3. 70 

-1.49 

J 

[ 3. 13 

-1. 10 

+2. 47 


f 2.60 

+. 86 

+L 74 

1 ao 

1 2. 57 

+. 44 

-5.85 


] 2. 30 

17^ 

-2. 50 

) 

1 2.67 

+4.56 

-1.10 

] 

f 3. 50 

-3. 38 

-6. 81 

1 i /fo 

J 4.38 

+ 1.47 

+. 51 


1 4. 14 

+1.05 

+3.23 

1 

1 5.93 

+1.79 

+1. 59 


f 2.62 

+2. 28 

39 


J 2.67 

-1.69 

+4. 58 

2.77 

1 2.84 

+3. 43 

+.34 

1 

1 2.94 

-4. 80 


I The true mean volume of 2.5-acra plots is 40.83 thousand feet board measure. 

3 Equal numbers of plots selected at random from each block. Blocks are taken here as the smallest 
square unit of area, sampled equally and with a minimum of 2 plots. 
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By means of the analysis of variance, however, it may be possible 
to reduce these standard errors by changing the arrangement of plots 
to permit the breaking up of total sum of squares into parts contributed 
from knowm sources, i. e., into a part due to variation between blocks, 
and a part due to variation within blocks. Each block is sampled 
equally with the plots selected at random. To estimate the within 
mean square, a minimum of two plots to the block is required- For 
the present, blocks will be considered as the smallest square unit of 
area so sampled. Degrees of intensity of sampling will be introduced 
by variations in block and in plot sizes. This arrangement of plots 
will be contrasted with random selection of plots over the entire area, 
the latter selection being almost certain to result in an unequal sampling 
of blocks. 

The number of degrees of freedom for the sum of squares due to 
variation between blocks will be one less than the number of blocks. 
For the squares due to variation within blocks, the number of degrees 
of freedom will be the number of sampling units minus the number of 
block means from which deviations are measured. An application of 
the F test shows in all cases that the between mean square is signifi- 
cantly the greater, a significant portion of variance irrelevant to sampl- 
ing error being eliminated by using the within mean square as error 
variance instead of the total. This analysis is illustrated for quarter- 
section blocks with 2.5-acre plot size in table 5, using data from table 3 
with the necessary additional computations. 


Table 5. — Analysis of variance for quarter-section blocks and 2.5-acre plots 


Source of variation 

Sum of squares 

Degrees of 
freedom 

Mean square 

F 

Between quarter sections - — 

Within quarter sections 

Tntfli . - 

167,630. 7558 
482,957.8662 

35 

2,268 

4, 789. 4502 
212. 9444 

22.49 

650, 588. 6220 

2,303 

282.4961 





This procedure is legitimate since mean square within blocks, treat- 
ing each block as a population, is the same within the range of error 
of random sampling, regardless of differences in block means. The 
pooled estimates of mean square within all blocks is much more precise 
than the estimate from a single block, even when applied to a particular 
block, because of the larger number of degrees of freedom. The reduc- 
tion in error variance gained by use of blocks of smaller sizes is made 
clear in table 3. 

In making a 6){-percent cruise with 2.5-acre plots as sampling units, 
by the random arrangement shown in figure 3, the error variance is 
282.4961, and standard error 3.32 percent of the mean. By random 
within blocks, the 144 plots will average 4 to the quarter section, which 
is the block unit, as in figure 4 and table 5; error variance will be 
212.9444; and the standard error will be reduced to 2.88 percent. All 
of the reductions in expected standard errors for random within blocks, 
as compared to random for total population in table 4, are due solely 
to differences in plot arrangement. For each standard error based on 
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population variance, four estimates based on actual samples are given 
and the correspondmg deviations of sample means from tlie true mean. 

The effect on sampling error of size, shape, arrangement of plots, 
and intensity of sampling is reflected in the standard errors as cal- 
culated.^ If the effect of these has been correctly determined — 
population heterogeneity having been successfully overcome either 
by randomization alone, or by partial elimination followed hj ran- 
domization — the deviations of sample means from the true mean 



Figure 3.— Arrangement of 2.5-acre plots in a 6 )' 4 -percent randoni cruise of nine 
sections. Plots selected at random from the total population. 


expressed in terms of standard units of the normal curve should not 
differ from a normal frequency distribution by more than may be 
attributed to error of random sampling alone. If the samples contain 
the information needed for assessing error due to sampling, the range 
of deviations in terms of standard units, arrived at from sample 
estimates of standard error, should likewise agree with expectation 
of normal grouping. That observed results agree with expected 
results is shown in table 6. The observed frequencies are within 
the range expected in 95 percent of such trials. 
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Figuee 4. — Arrangement of 2.5-acre plots in a GJ-i-percent random- within-block 
cruise of nine sections. Quarter section (40 by 40 chains) taken as the block 
unit. 


Table 6 . — Expected and observed grouping of sample means about the true mean 


Range from zero difference in standard 
units of the normal curve 

Expected 

1 frequency 

1 

j 

Random, observed 
frequency 

Random-within-block, 
observed frequency 

Based on 
true stand- i 
ard error 

Based on 
estimated 
standard 
error 

Based on 
true stand- 
ard error 

Based on 
estimated 
standard 
error 

Less than 0.253 

5.6 

r. 

6 

5 

4 

0.253 to .524,....-.. 

i 5.6 

6 

7 

6 

7 

.524 to .842...... .. . 

5. 6 

6 

6 

5 

4 

.842 to 1.282 

' 5,6 

5 

4 

' 7 

8 

1.282 and over 

5.6 

4 

5 

5 

5 

Total-... . 

j 28. 0 

■ 28 

28 

28 

28 


STRIP CRUISES 

Thus far the most efficient method of sampling indicated is the use 
of the random- within-block, or ^‘stratified^^ arrangement of 2.5-aere 
plots, using blocks of such size that a minimum of two plots is taken 
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within each. A disadvantage of this arrangement is that it presents 
some difficulty in locating plots on the ground and in mapping all 
parts of the area to the desired standard. Within some blocks the 
plots are clustered together leaving large areas which could not be 
mapped without running additional line for that purpose alone. The 
irregularity of line running to locate plots may be partially overcome 
by use of the strips taken at random within blocks, as shown in figure 



STRIP 




STRIP 



Figure 5.— Typical arrangements of plots in 6J4-percent strip and line-plot 
surveys: Systematic cruises; random- within-block cruises. Broken 

lines indicate block boundaries within sections. 


5. Here the sampling unit is the strip, 2.5 by 80 chains, 2 of which 
are taken from the 32 possible in a section, the block unit. The 
mean square (in terms of a single 2.5-acre plot) between 28 such 
cruises is shown in table 7 as 385.5211. According to the previous 
reasoning, this differs by sampling error alone from mean square 
between strips within sections, which is estimated here as 425.1970. 
The F test fails to disprove this hypothesis. 
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Table 7 . — Analysis of variance based on strip cruises of cyA-percent intensity 
RANDOM-WITHIN-BLOCK STRIP i 


Source of variation 

Sum of squares 

Degrees of 
freedom 

i 

Mean square 


Variance 
associated 
with blocks 

Between cruises 

10,409.0688 

27 

385.5211 

n. s. 

2.92 


Sections within cruises 

Strips within sections - 

277,894.8542 

107,149.6481 

224 

252 

1,240. 6020 
425. 1970 

407. 70 

Subtotal - - 



385,044.5023 

476 

808. 9170 

Total, between strips — 



395,453. 5711 

503 

786. 1900 


POPULATION VARIANCE 3 





381. 2952 



Sections 

Strips within sectinriR .. 



S5.96 

428, 49 

109, 693. 3526 
106,381.3677 

8 

279 

13, 711. 6691 
381.2952 

Total, between strips 



216, 074. 7203 

287 

752.8736 


SYSTEMATIC STRIP ^ 


Between cruises 

2,835.2736 

15 

189. 0182 

2. 21 

2. 87 


Sections within cruises 

390. 57 

153,411.7346 

60,104.5909 

128 

144 

1, 198. 5292 
417. 3930 

Strips within sections 

Subtotal 



213,516.3255 

272 

784. 9865 

Total, between strips _ , 1 



216,351.5991 

287 

753. 8383 





1 Mean volume of 28 cruises =40.79. 

3 n. s.=^ nonsignificant; values in italics exceed F at 0.01. 

3 True mean =40.83. 

< Mean volume of 16 cruises= 40.83. 

True population mean square of strips within sections is 381.2952. 
Whether or not the estimate obtained differs significantly from this 
may be tested by the chi-square distribution: 


Sum of squares 

Chi square == (3) 

For 252 degrees of freedom chi square is 209.5104 at P=0.975, and 
is 297.4360 at P= 0.025. Substituting 381.2952 for <t^, solving for 
each corresponding sum of squares, and dividing by 252 gives the 
range of mean square expected in 95 percent of such trials. The 
values obtained are 317.0052 and 450.0433. There is therefore no 
reason to suspect the sample estimate. 

Since variation between sections is significantly greater than varia- 
tion within sections, the use of total variance for error would give a 
serious overestinaate, and not a vahd one. 

Systematic strip survey would seem to be quite comparable to strips 
taken at random within blocks as regards estimates of error mean 
square. Sixteen OK-percent cruises taken side by side include 100 
percent of the area or the total population. Population variance of 
strip cruises is analyzed on this basis in the lower portion of table 7. 
Variation between such cruises is about one-half that between the 
random-within-blocks. This advantage in favor of the systematic 
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criiise is surprisingly large/ even considering that such a cruise is more 
representative in that each half section is sampled equally, whereas 
in the random the smallest block is the section. 

The variation between cruises is less than would be expected in 95 
percent of such trials if the sampling were random. The use of the 
F test is not legitimate, however, because the strips are equidistant. 
The analysis of population variance is made to find how the compo- 
nents of total variance differ in the systematic arrangement as com- 
pared to random. Obviously total population variance between 
strips is the same for both arrangements — the two values shown here 
are not absolutely the same owing to the use of short-cut methods of 
computation with the cruise estimates. The component parts do 
differ. Variation associated with sections is less by systematic than 
by random, and variation of strips witliin sections is correspondingly 
greater. Systematic sample estimates of mean squares do not tend 
to the same values as do random, and the basis for segregating error 
mean square is not known. In a single cruise the information for 
doing this is not provided. With the random cruise, the plot arrange- 
ment determines the one and only basis supplied by the data for 
estimating error mean square, and a single cruise will provide tliis. 

With intensive cruising of fairly uniform stands of timber, such as 
this, the sacrifice in precision of volume estimate by use of random 
strip as compared to systematic strip is considerable. In some cases 
it might be feasible to cruise scattered blocks by random strip^ until 
sujficient degrees of freedom are available for a satisfactory estimate 
of error variance, and then cruise the remainder on the systematic 
basis; this should give reasonable certainty that the more representa- 
tive sampling will keep the estimate within the allowable range of 
error. The advantage gained in mapping is also a consideration 
favoring this. Wliile for some areas suitable maps are available prior 
to the cruise, map making in connection with sampling is still an 
important consideration in most cruising. 

LINE-PLOT CRUISES 

In the random line-plot arrangement in figure 5, the random 
sampling unit consists of four 2.5-acre plots spaced equidistant across 
the section. Two such units are taken at random from the 32 possible 
in a half section, which is the block unit. The true variance between 
such cruises is 221.8812 (table 8). In random sampling the appro- 
priate estimate^ of error is provided by mean square of line plots 
within half sections, which tends to the true value. The correspond- 
ing estimates obtained from 56 such cruises are within a range attribu- 
table to random sampling error, and do not differ significantly from 
each other. 
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Table S. — Analysis of variance in line'-plot criiises of 6}i-percent intensity 
RANDOM-WITHIN-BLOCK LINE PLOT i 


Source of variation 

■ 

Sura of squares 

Degrees of 
freedom 

Mean square 

F 2 

Variance 
associated 
with blocks 

Between cruises 

10, 109. 0880 

55 

183. 8016 

n. s. 


Half sections within cruises 

Line plot.s within half sections 

Subtotal 

660,240.1175 

228, 976. 3700 

952 

1,008 

693. 5295 

227. 1591 

3.05 1 

233. 18 

889, 216. 4875 

1,960 

453. 6819 

Total, between line plots 

899,325.5755 

2,015 

446. 3154 




POPULATION VARIANCE s 





221.8812 



Half sections. 

Line plots within half sections 

Total, between line plots 



SIH 

236. 72 

128, 774. 5115 

123,809. 7229 

17 

558 

7, 574. 9713 

221. 8812 

252, 584. 2344 

575 

439. 2769 


SYSTEMATIC^ LINE PLOT 4 


Between cruises 

Half sections within cruises 

Line plots within half .sections 

Subtotah. 

3,106.6848 

15 

207. 1152 

1.21 

2. 60 

200. 88 

177,375. 0742 
72, 102. 4804 

272 

288 

652. 1142 
250. 3558 

249, 477. 5546 

560 

445. 4956 

j 

Total, between line plots.. 

Between cruises 

20 by 40 within cruises 

Betw’een plots within 20 by 40.. 

Subtotal 

1.06 

1.58 

64. 10 

252, 584. 2394 

575 

439.2769 

3, 106. 6848 

15 

207.1152 

394, 693. 3468 
252,558.0700 

1, 136 

1, 152 

347. 4413 
219. 2344 

647, 251. 4168 

2, 288 

282. 8896 

Total, between plots 

i 


650, 358. 1016 

2, 303 

282. 3960 

POPULATION VARIANCE 5 

Between cruises 



221.8812 

LIO 

U.18 

! 

20 by 40. - 

Plots within 20 by 40 



89.04 

202, 289. 9365 

448, 298. 6856 

1 71 

2, 232 

2, 849. 1540 

200. 8507 

Total between plots. 



650, 588. 6221 

1 2, 303 

282. 4961 


1 Mean volume of 56 eraises= 10.70. 

■4 n. s.==not significant: values in italics e.xceed Pat 0.01. 
? True mean =40.83. 

4 Mean volume of 16 eruises=40.83, 

3 True mean =40.83. 
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A difficulty arises in connection with the systematic line-plot cruise 
shown in figure 5, in deciding upon the block unit, i. e., wdiether the 
arrangement is copaparable to the random line plot or more comparable 
to random selection of two plots within blocks 20 by 40 chains in 
dimensions. In practice, with but one cruise supplying the total 
data, there is no way to determine by w^hich means the most useful 
information will be obtained. With a population of 16 such cruises, 
it is possible to determine this for this particular area, but the results 
will not apply generally. When sampling units are selected inde- 
pendently and at random there is never any doubt as to the one valid 
basis for estimating error mean square. 

If the systematic arrangement permits the same treatment as for 
the random line plot, the variance associated with blocks is less and 
mean square within is greater than the true for random sampling. 
As with the strip survey, such sample estimates tend to the true value 
I - for total variance, and variance between cruises is less than that of 
corresponding random cruises. The apportionment of total variance 
to sources within cruises is biased. The overestimate from one source 
is balanced by an underestimate from another source. This is still 
» » more pronounced when the 20 by 40 unit is taken as the block. The 

F test, if legitimate here, would show that both estimates of error mean 
square are in a range attributable to sampling. Of the two, mean 
scj[uare within 20 by 40's provides the more useful information. In 
other cases, where a single sample is taken, there w^ould be no assiir- 
nace which if either would give a satisfactory estimate of error. The 
guess with strip survey was as logical as either choice here, and yet 
was shown to be of little use. In neither case is there any justification 
for use of total variance as error variance. 

RELATIVE EPPICIENCY OF CRUISES 

For a standard by which to measure relative efficiency of different 
cruises we may set up a range of 8.00 percent of the mean at P=0.05 
for 31^-percent cruises. By doubling the intensity to 6}^ percent, w^e 
expect a reduction of error to 5.33 percent, and by doubling again to 
12)2 percent, an error of 4.00 percent. This follows from formula (1). 
The error mean square necessary to assure this precision is 199.9584 
on a single 2.5-acre plot basis. Were the correction to limited popu- 
lation mean made, the efficiency wmuld be greater, since the error 
mean square would then be reduced by multiplying by the proportion 
of population not in the sample — as is done by use of formula (2). 
This correction is not made in table 9 mean squares, since the relative 
! efficiencies would not be changed greatly. As they are given, the 

effect of decrease of block size with increased intensity of cruise is 
segregated- completely. The reciprocal of 199.9584, or invariance 
=0.00500, is taken as a unit of information per 2.5 acres and the 
different cruises rated on this basis. One-half unit indicates that 
i sample size would need to be doubled to assure the same precision as 

5 that by a cruise supplying a full unit. If costs of cruising were the 

same per unit of area in the samples, use of the former method wnuld 
double the cost. 
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Table 9. — Relative amounts of information hy cruises 
33-i-PERCENT SAMPLING 


Sampling unit and arrangement 

Mean square 

Invariance i 

Units of in- 
formation 
per 2.6 acres 2 

2 pints within Quarter section 

212. 9444 

0. 00470 

0.94 

.27 

.79 


752. 8736 

. 00133 

4 2.5-acre plots equidista'nt along SO-chain line, 2 lines within 
section * 

252. 0121 

. 00397 , 

i 



6M-PEECENT SAMPLING 

2.5-acre, 2 plots within 20 by 40 

200. 8507 

0.00498 

1. 00 

2.5 by sb-chain strips, 2 within section 

381. 2952 

. 00262 

.52 

4 2 5-aere plots equidistant along 80-chain line, 2 lines within 

221. 8812 

. 00451 

.90 

5-acre, 2 plots within quarter section 

313. 2797 

1 . 00319 

! .64 

10-acre, 2* plots within half section 

477. 6623 

.00209 

.42 



123^fPEBCENT SAMPLING 


2.5 acre, 2 plots within forty 

2.5 by SO-chain strips, 2 within half section 

192. 7724 

0. 00519 

1.04 

323. 3341 

. 00309 

.62 

4 2.S-acre plots equidistant along 80-chain line, 2 lines within 
20 by 80 

189. 3106 

. 00528 

1.06 

5-aere, 2 plots within 20 by 40 

291.6305 

. 00343 

.69 

10-acre, 2 plots within quarter section 

421. 6283 

. 00237 

i .47 


1 Invariance^^ — Value of 0.00500=1 unit of Information. 

XJ3.wciIX w» 

2 Based on 1 unit for S.OO-percent error at 0.05 level with. SJ-^-percent cruises, 5.66-pereent error with 61^- 
percent cruises, and 4.00-percent error with 12>^-percent cruises. Correction for limited population not 
included. 

The random- witliin-block 2.5-acre plot cruises meet the standard of 
precision set up for each of the three different intensities. The 
random-within-block line-plot cruises are not far behind in the lower 
intensities and are slightly the more efficient in the 12K“Pcrcent 
intensity. Because of advantages in locating plots on the ground 
along with satisfactory sampling efficiency, the random-within-block 
line-plot arrangement of 2.5-acre plots appears to be the best selection. 

For a given sampling unit, the increase in information with increased 
intensity of cruise, as given in table 9, is due to the decrease in block 
size and the consequent elimination of more variation irrelevant to 
sampling error. 

The lOO-percent inventory of the population in this case makes it 
possible to compare the range of error of systematic cruises with that 
of similar random cruises. The systematic cruises cannot be treated 
as were the random in table 9, but for 6%-percent cruises, both strip 
and line^ plot, the true variation between means has been found for 
this limited population. In both cases the mean squares are less 
than for similar random cruises. This finding, together with the 
advantage in mapping, makes it appear doubtful whether these 
arrangements should be completely discarded simply because single 
samples do not provide the information needed for estimating sampling 
error. There me good possibilities that their sampling error can be 
closely approximated. Where maps are not needed, or are already 
available, a random cruise can be made in the same time as a com- 
parable systematic cruise. The cruiser must decide whether the 
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added precision in estimating sampling error is offset by the loss in 
accuracy of volume estimate. 

It has been previously explained^ that the range of systematic 
sample means about the true corresponds satisfactorily with the 
range expected for random-within-block sampling in which square 
blocks are used. If a number of such blocks in a population were 
selected at random and cruised by a random arrangement, the pooled 
estimate of error variance so obtained would then be considered as 
satisfactorily applicable to the entire population sampled. The 
remaining blocks could then be cruised by a systematic arrangement, 
in which the same number, size, and shape of plots would be used. 
Discarding the restriction as to shape of blocks, blocks 40 by 20 
chains (north-south by east-west dimensions) are suitable in the 
present study for a systematic strip arrangement as shown in figure 
5. Eandom variation within such units tends to 195.5448. This 
compares very well with the mean square between cruises, 189.0182 
in table 7. Obviously, however, this proposed method of approxi- 
mating error variance could easily be carried beyond a reasonable 
point by the use of very short strip segments as plots and lon^, narrow 
blocks. Probably length of blocks should not exceed twice their 
width. 

Where systematic fine plots are taken, some such method of approxi- 
mating error variance would appear quite safe. The mean square for 
error of random sampling with 20 by 40 blocks is 200.8507, and the 
mean square between systematic cruises is 207.1152. The justifica- 
tion for this approach to sampling error is apparent from inspection 
of the diagrams in figure 5. The systematic arrangements are more 
representative than the random. For hne-plot sampling, each 20 
by 20 is sampled by a plot; while in random sampling the plot loca- 
tions may fall so that some 20 by 20’s are not sampled at all and some 
are sampled with two plots. 

F. Yates, chief statistician, Rothamsted Experimental Station, 
England, has suggested that the sampling error of systematic cruises 
in which a single sampling unit was taken in the center of each block, 
might be approximated by using error variance estimates from two 
randomly selected samphng units in blocks of the same size. Only 
sufficient random cruising would be done in a population to get an 
adequate estimate of variance within blocks, and the survey could be 
continued on the systematic basis. The gain in representativeness by 
the systematic arrangement as compared to random would then be 
reflected in reduction of error variance by use of blocks of just half 
the size needed with random cruises of equal intensity. With the 
6 K-pcrcent systematic strip cruise the mean square between the 
16 cruises is 189.0182. The mean square between random strips 
within half sections is shown in the report previously cited as 323.3341. 
With only 15 degrees of freedom available for estimate, the difference 
is within a range attributable to error of sampling in an unlimited 
population. The value 189.0182 is true for the limited population 
only. The estimates from such cruises in other similar areas might 
well tend to something like 323.3341. There is no reason, for example, 
to expect that the strip arrangement should consistently give as 

«Hasel, a. a. analysis of sampling methods for volume determination in a ponderosa pine 
FOREST. Calif. Forest and Range Expt. Sta. Prog. Kept. June 1937. [Multilitlied.] 
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close or closer estimates of volume than the line plot, where the spacing 
apart of plots would appear to sample a block better than by a single 
strip of contiguous plots. Also the advantage over random strip 
should not be much greater than can be attributed to more represen- 
tative sampling alone. It is suggested that this method of approxi- 
mating error of systematic strip survey be used in preference to the 
ones previously suggested in which strip segments were considered as 
plots. 

With line-plot arrangements the results by the two methods are 
quite alike. Yariance between line-plot sampling units witliin 20 
by 8tTs is 189.3106. This differs little from 200.8507,^ the variance 
between plots within 20 by 40’s, and neither differs significantly from 
207.1152, which is based on 15 degrees of freedom. 

It has been noted that doubling of intensity, other factors remaining 
constant, reduces a sampling error of 8.00 percent to one of 5.66 
percent. Extremely close estimation of sampling error and small 
changes in intensity based on estimates of error variance are not 
important, unless it is realized at the same time that biased error 
from various sources may contribute much the greater part of total 
error of cruise estimate. Time saved by lowering intensity can be 
very profitably spent on reduction of biased error. 

PRECISION OF ESTIMATES OF ERROR VARIANCE 

The mean squares taken as error variance have been based upon true 
values for the population dealt with. They are the values to which 
sample estimates tend. The range within which sample estimates 
group themselves about the true is dependent solely upon the number 
of degrees of freedom available for their estimate. The range of 95 
percent of such estimates is given for the various random cruises in 
table 10, derived by use of formula (3). Wliere the estimate is based 
on as few as 8 or 9 degrees of freedom a single sample may easily give 
a very coarse basis for error calculation — not close enough for much 
rehance. In this respect random plots have a marked advantage over 
line plots, which in turn are better than strip. By use of a much 
smaller and probably more efficient size of plot than 2.5 acres, how- 
ever, the ordinary intensity of cruise in a few sections will give an 
adequate basis for estimate. Such tests as are given in table 10 
should be made the basis for decision as to the number of blocks that 
should be cruised by a random arrangement before continuing with 
tlie systematic as suggested previously. 
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Table 10. — Range of sample estimates of variance 
314 -PERGENT SAMPLING 


Sampling unit and arrangement 

Degrees 

of 

freedom 

Mean 

square 

Range of 95 percent of sample 
estimates 

5-acre 2 plots within quarter section. 

30 

212. 9444 

123.8059- 319.2763 

Percent 
(-42)-(-h 50) 
(-73)-(+liy) 

(-70) -(+111) 

5 by 80-chain strips, random 

8 

752. 8736 

203, 8405-1648. 7932 

74. 4276- 532. 1375 

4 ' 2 . 5 -acre plots equidistant along 80-chain line, 

2 lines within section 

9 

252. 0121 



6Kt -PERCENT SAMPLING 


2.5-acre, 2 plots within 20 by 40 

72 

200. 8507 

139. 4796- 270. 2047 

(-31)-(+ 343 

2.5 by 80-chain strips, 2 within section 

4 2.5-aere plots equidistant along 80-chain line, 

9 

381. 2952 

112, 6092- 805. 1260 

(-T0)-(+Ul) 

2 lines w'lthin half section 

18 

221. 8812 

100. 4136- 388. 2921 

(-55)-(+ 75) 

5-acre, 2 plots within quarter section 

36 

313, 2797 

182, 1408- 469. 7107 

(-42)-(+ 50) 

10-acre, 2 plots within half section 

18 

477. 6623 

216, 1724- 835. 9090 

(-55)-(+ 75) 


12H-PERCENT SAMPLING 


2.5-acre, 2 plots within 40 

144 

192. 7724 

150. 2018- 239. 0980 

(„22)-(+ 24) 

2.5 by 80-chain strips, 2 within half section 

4 2.5-acre plots equidistant along SO-chain line, 

2 lines within 20 by 70 

18 

323.3341 

146.3266- 565.8347 

(-55) -(+ 75) 

36 

189. 3106 

110.0652- 283.8334 

(-42)-(+ 50) 

5-acre, 2 plots within 20 by 40 

72 

291. 6305 

202, 5212- 392. 4172 j 

(-31)- (+ 34) 

10-acre, 2 plots within quarter section 

36 

421. 6283 

245. 1347- 632. 1473 

(-42)-(+ 60) 


APPLICATION OF RESULTS 

In cruising it is necessary to make compromises between what is 
theoretically correct and what is practically possible. Experienced 
cruisers would never consider using the random arrangernent ex- 
clusively because it does not lend itself to map making, and the volume 
estimates are not as close as with the systematic arrangement. It is 
important, however, to have a valid and adequate estimate of error 
variance, and this is possible without a great initial sacrifice in time 
and money. Having that, it is possible to assure an estimate of the 
required precision so far as sampling error is concerned and by the 
cheapest method of cruise. Knowing sampling error, it is possible 
by later checks of estimate against actual cut to segregate error due 
to biased measurements, and direct efforts toward its reduction which 
are commensurate with its importance. 

A timbered area to be cruised usually consists of several separate 
populations, which are segregated according to criteria used in map- 
ping. In working out the method of cruise for a population, even 
though the stand appears uniform to the eye, heterogeneity of varia- 
tion should be assumed. It follows then that size and shape of plot 
is an important consideration and tests should be made to find the 
kind of plot or sampling unit which includes the maximum of stand 
variation per unit of area. Obviously the minimum size of plot used 
in the present study is too large to give an indication of what minimum 
intensity of cruise is possible for a given range of error. As a rough 
guide until further studies are made, the minimum size with which 
plot volumes approach the normal type distribution is suggested, 
although the analysis of variance method does apply to definitely 
skewed distributions, which are not normal. At any rate the mini- 
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mum size tested should not often contain zero volume. The time 
required to cruise these basic plots and multiples of basic plots should 
be recorded, as well as travel and mapping time per unit of distance 
between plots. It may prove more economical in practice to use more 
area in fewer large plots than the theoretical minimum indicated with 
more and smaller plots. By selecting the plots at random within 
blocks additional needed information on initial intensity of sampling 
is gained. Plot arrangement and intensity will require further tests 
unless previous experience in such stands is available. A more inten- 
sive cruise than is believed necessary should be made by use of the 
random plot or line-plot arrangement within blocks of the minimum 
size that will be considered. If the stand is not patchy it will be pos- 
sible to combine adjacent block units into larger blocks, and by pool- 
ing within and between sums of squares and degrees of freedom, to 
estimate variance within blocks of different sizes. 

Advantage should be taken of the usual procedure of running cruise 
lines and orienting plots for the purpose of sampling more intensively 
in the direction of greatest variation. The Land Office subdivisions 
are convenient block units, and within sections the cruise lines are gen- 
erally run north-south or east-west depending on direction of variation. 
By taking blocks of such size and shape that variation within is kept 
low, and that between correspondingly high, the maximum of varia- 
tion irrelevant to sampling error is eliminated. When sufficient degrees 
of freedom have been built up to provide estimates of variance within 
a predetermined allowable range, the units of information supplied 
per basic plot may be calculated for varying arrangements and block 
sizes. By knowing the average man-hours required to travel to and 
cruise a plot by each method, the cost per unit of information will 
give the most efficient method of sampling by a random arrangement. 
If the cruise is continued with a systematic arrangement of the same 
intensity of cruise, the estimate of error will be high. A closer approx- 
imation can be made by reducing the size of block by a half, so that 
a single systematically placed sampling unit is in the center of each. 
Knowing from the preliminary work the variance of random sampling 
within blocks of this size, this estimate of within variance, when divided 
by the total number of blocks, or number of systematically placed 
plots, will give the approximate sampling variance of the mean. By 
extracting the square root the standard error of the cruise mean is 
obtained. 

The above-suggested procedure for starting a cruise would not need 
to be repeated in similar stands, except to check on or improve error- 
variance estimates by cruising randomly selected blocks by the ran- 
dom arrangement. It is intended to apply to intensive cruising of 
stands which appear uniform within blocks of 40 acres or more, as in 
the pure ponderosa pine type. A procedure for random sampling 
within types occurring in small irregular patches is difficult to work 
out, particularly if a type map is not available beforehand. The same 
is true of extensive cruising, as in the Forest Survey in parts of the 
country where types change often. If these scattered small type areas 
were brought together, however, there is little doubt that analysis of 
variance would show that they too are heterogeneous populations and 
that total variance based on systematically spaced plots is not a valid 
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estimate of error vaxiance. Suck an estimate is useful only in that we 
can be sure that it is an overestimate. 

Owing to the volume of timber inventory work in progress or in 
prospect, as in connection with preparation of timber-management 
plans and land-use studies, eftorts to determine efficient methods of 
getting adequate samples in major timber types and for various stand 
conditions would be likely to yield results of considerable practical 
importance. Existing and proposed experimental forests are expected 
to represent fairly well the principal stands of timber within national 
forests. Complete inventories of these areas, with volumes recorded 
separately by sufficiently small units, would provide a good basis for 
working out sampling methods for the stands they represent. 

CONCLUSIONS 

The heterogeneous nature of stand variation within a 5,760-acre 
tract of the Blacks Mountain Experimental Forest is evidence that 
timber stands, even though they^ appear uniform to the eye, are 
similar to other soil crops in exhibiting systematic and yet partly 
disordered variation from point to point. 

In a heterogeneous population, size and shape of plot are important 
factors in efficient sampling. A valid estimate of sampling error is 
possible only when the sampling units are selected independently and 
at random. By dividing the area into blocks of uniform size and 
shape, and selecting equal numbers and at least two random sampHng 
units in each, a significant reduction in error variance is possible by 
Fisher^s method of analysis of variance. The customary use of total 
variance as error variance and the statistical treatment of systemati- 
cally spaced plots as random sampling units would be legitimate 
only if the population sampled were showm to be homogeneous. 
Such a condition seldom if ever exists. It is only by the use of 
random sampling that the elements contributing^ to heterogeneity 
are most likely to be represented in the sample in their true proportion. 

Systematic cruises give closer estimates of volume than do similar 
random cruises and lend themselves better to map making. Since 
variation within separate blocks in a population varies within a range 
attributable to sampling error alone, and independently of the block 
means, only sufficient I'andom cruising is suggested to assure an 
adequate estimate of error variance. If the remainder of the popula- 
tion is cruised by systematic spacing of sampling units, the estimate 
of error tends to be a little high. A closer approximation to sampling 
error is suggested if random variation within blocks of such size 
that they contain but one systematically placed sampling unit is 
used for error variance. In this way the gain in added representa- 
tiveness of systematic sampling, as compared to random, is taken into 
account. 
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A STUDY OF PROTEIN EXTRACT FROM SOYBEANS 
WITH REFERENCE TO ITS USE IN FOOD ^ 

By Sybil Woodruff, chief in foods, Evelyn Chambers, graduate student, and 

Helen Klaas, first assistant in home economics, Illinois Ag^dcidtiiral 

Station 

INTRODUCTION 

The soybean {Soja max (L.) Piper) is unique among plant foods in 
that it contains about 40 percent of protein. The siipply of soybeans 
gives promise of being abundant, too; Illinois produced in 1937 a little 
less than 22 million bushels, an increase of about 27 percent over her 
crop for 1936. Here is a potentially important source of protein, 
little of which is now being consumed as food. Some people are ad- 
vocating that the United States extend the food uses of soybeans for 
the sake of obtaining inexpensive protein. This might be done in 
either of two ways; by utilizing the beans themselves or by making 
from the beans a protein concentrate which could take its place with 
other protein-rich foods. 

The purpose of this study was to find a simple method of extracting 
semipure protein from soybeans and then to determine whether the 
protein substance could be used advantageously in the preparation of 
food. 

REVIEW OF LITERATURE 

The literature relating to soybean proteins and their physical be- 
havior is not extensive and is somewhat confused by the variety of 
laboratory methods which have been used in extracting the proteins. 
Moreover, papers bearing on the topic have not been concerned with 
the uses of the protein in food technology but rather with its chemical 
nature. There is little in the literature concerning the methods that 
are being used for removing crude soybean protein for the manufacture 
of plastics. A recent paper by O’Brien (10)'^ gives methods and fac- 
tory costs for such industrial operations. 

Osborne included soybeans in his classic studies of vegetable pro- 
teins. In 1898 he and Campbell (7;^) suggested the name ^‘glycinin” 
for the globulin they dissolved from soybeans with a 10-percent sodium 
chloride solution. This solvent has continued to be employed more 
often than any other in extracting globulins. The conventional defi- 
nition of a globulin would exclude protein extracted by any other 
solvent than dilute neutral solutions of salts of strong bases with strong 
acids. Yet O’Hara and Saunders (77) have i*ecently reported success 
in extracting crystalline protein having the characteristics of a glob- 
ulin with either saturated or normal solutions of sodium chloride. 
They used orange seed, peanut, and other proteins, but their conclu- 
sion that the ^ ^ordinary text book definitions of globulins do not ade- 
quately consider the solubility properties of globulins” is concurred 
in by other writers who have worked with still other materials (4). 

It has been commonly observed that soybean proteins are readily 
soluble in water. Osborne and Campbell (12) said the fact that as 

J Received for publication March 11, 1938; irsued December 1938. 
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mucli as 16 percent of the glycinin could be dissolved in water was due 
to the presence of potassium phosphates in the seed. Both Naka- 
jima (9) and Muramatsu (8) showed that if soybeans were extracted 
first with water, there was little remaining protein which would dissolve 
further in sodium cliloride or sodium hydroxide solutions. The last- 
named author has divided the water-soluble nitrogen of soybeans as 
follows: Globulins (largely glycinin), 84.25 percent; albumins, 5.36 
percent; proteose and nonprotein nitrogen, the remainder. 

The usual methods mentioned in the literature for recovering the 
protein in solid form are dialysis to remove salt and treatment of the 
extraction liquor with either ammonium sulphate or acid. Hartman 
and Cheng (S, 6) gave the ispelectric point of soybean protein as pH 
5.00. In almost every case reported in the literature the protein 
product has been dried with alcohol and ether; Hartman and Cheng (5^) 
recommended methyl alcohol and ether. 

Comments on solubility usually pertain to the ease of dissolving 
the protein from the seed, not to the solubility of the separated, dried 
protein. Denatured glycinin wms said by Tadokofo and Yoshimura 
(IS) to be most soluble in 0.1 to 0.25 normal sodium hydroxide though 
it was also soluble in several acids. They also found that heating 
soybeans caused a large percentage of theil^ proteins to be less soluble 
in water and more soluble in alkaline solutions. Gortner (S) believed 
solubility of globulins to be merely peptization and governed by the 
ions present. Nevertheless the solubility of glycinin has been vari- 
ously reported and likewise its ability to coagulate. 

METHODS OF EXTRACTION 

Mature soybeans of two “vegetable’’ were used in the experi- 
ments, identified throughout the paper by serial Nos. 85666 and 81029. 
Both had been foimd in other work (15) with soybeans to be satis- 
factory for food uses. Without preliminary drying, each was ground 
in a Bauer mill to pass a 60-mesh screen ; then extracted continuously 
for 24 hours with petroleum ether (boiling point 30° to 60° G.) and 
further ground in a porcelain mortar to pass a 100-mesh sieve. Previ- 
ous heatiiig of the soybeans was avoided because it tended to make 
the proteins less soluble. 

Commercial fat-free soybean flakes ^ were used for much of the 
routine experimenting with solvents and methods. They were made 
from No. 2 Illini soybeans and had been treated only with organic 
solvent. 

SOLVENT 

Water was found to be the most practical solvent for protein 
extraction from the standpoint of yield and purity of product, and 
time and equipment involved. To 100 g of ground fat-free soybeans 
was added 760 ml of distilled water, and the suspension was agitated 
gently in a mechanical shaking machine for 30 minutes at room 
temperature. It was next poured into a canvas bag and the water 
“solution” pressed from it in a tincture press. The soybean residue 
was twice more extracted with fresh portions of 750 ml of water. 
Suspended matter was separated from the extracts by centrifuging, 
and the resulting “solutions” became less opaque and viscous in 
succeeding extractions. Little success was attained in filtering the 
9 Obtained from, tbeOUddea, Go., CMcago. 
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Plate 1 



Microscopic appearance of soybean materials: Fat-free soybean flakes, ground to pass a 60-mesh screen; 
B, residue of flakes after extractions were completed, showing some cells still intact; C, sovbean protein 
substance mounted dry showing dense masses of material; D, same field as C examined between 
crossed Nicols. Note the luminous character of the protein masses, probably anisotropic. X 900. 
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extract even with a special filter of acid-alkali-treated asbestos and 
paper pulp which had been recoininended by Hartman and Cheng (S). 
The liquors of the diJfferent extractions were kept sepai'ate and each in 
turn was diluted to 800 ml for precipitation of protein. 

The commercial flakes absorbed less water than the soybeans, 
hence only 500 ml of water was used for their first extraction and 400 
ml for the second and third. The extracts were diluted to 500 ml 
before the protein was precipitated. 

Solvents other than water were used in a series of preliminary trials 
with commercial soybean flakes. Solutions of sodium chloride, sodium 
carbonate, and sodium hydroxide were used in turn . Sodium chloride 
in lO-percent solution had been frequently used by other investigators; 
it might well be expected to be the ideal solvent for the principal 
proteins' of soybean, thought to be globulin in nature. Salt solution 
was not found to be superior to water as a solvent for the purposes of 
this experiment. 

PRECIPITATING AGENT 

Dilute acetic acid (about 1 or 2 ml) was added to each water extract 
of protein, and when the acidity reached pH o.O the protein precipi- 
tated as a white cloud. Hydrochloric was found to be no more suc- 
cessful than acetic acid. The addition of sufiicient calcium chloride 
to make the liquor 0.02 molar with respect to the salt, aided in pre- 
cipitating the protein, but this method likewise had no advantage 
over that of precipitating it with acetic acid. Dialysis through col- 
lodion bags effected a satisfactory precipitation of protein from the 
liquor extracted with sodium chloride solution. 

The precipitate settled readily, after which the w^aste liquor was 
decanted and centrifuged from it. Successive portions of 70-percent, 
95-percent, and then absolute ethyl alcohol were used to wash and dry 
the protein. It was last washed with ether and worked to dryness on 
a porous plate. The product was a white, fine powder which showed 
no tendency to gumminess after it had thus been thoroughly dried. 
Drying only in air gave a horny substance. No special advantage 
was found in drying the material with methyl alcohol as recommended 
by Hartman and Cheng (5). 

YIELDS 

About 52.6 percent of all the nitrogen originally present in the fat- 
free soybeans was recovered when the protein substance was dissolved 
in water and precipitated by acetic acid in three successive treatments. 
A fourth extraction was found not to add significantly to the total 
yield. The amount of protein left behind in the residue was about 
22 percent of the quantity originally present. The fraction that failed 
to precipitate when acetic acid was added was about 15 percent of 
the original soybean protein. Unaccountable loss amounted to about 
10 percent of the total protein. This waste, thought to be due almost 
wholly to seepage of the finely ground soybeans through the canvas 
bag, could be reduced by grinding the beans to pass a 60-mesh screen 
instead of a 100-mesh. The saving thus effected compensated for the 
slightly lesser solubility of the protein of the more coarsely ground 
beans. 

Photomicrographs of the original sample, ground to pass a 60-mesh 
screen, and of the same after it had been extracted three times with 
water show (pL 1, A and B) that it was probably the presence of intact 
cells which interfered with complete solution of the protein contained 
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in them and not any inherent insoluble nature of a part of the protein. 
The photograph also illustrates well the location of the protein and 
other material in relation to the cells. 

ANALYSES 

The composition and therefore the purity of the protein substance 
was found on analysis to vary with different methods of extraction. 
Nitrogen was determined by the Kjeldahl method; the ashing tempera- 
ture was 600° C.; samples were dried for moisture determinations at 
80° C. in vacuo for 24 hours. 

The protein substance yielded by dissolving with water and pre- 
cipitating with acid, had the highest nitrogen content (16.13 percent) 
of all samples with the exception of the one dissolved in sodium chloride 
and dialyzed. The yield by the latter method was small, however. 
Other authors have reported the nitrogen content of protein substance, 
obtained by means of various solvents, to be from 12.25 to 17.53 per- 
cent. Data in table 1 show that samples obtained with other solvents 
were less exclusively protein in content; it was largely for this reason 
that water was selected as the most practicable solvent. The highest 
yield of protein substance ever obtained was with sodium hydroxide 
in 0.2-percent solution; but analysis of the material showed it to 
contain a high percentage of nonprotein constituents, particularly ash. 

It is possible that liemicellulose material was dissolved by the alkali 
treatment just mentioned and was in turn precipitated by the acid 
used in separating the protein from solution. Occurrence of this kind 
may even have been observed to some degree when water was used as 
a solvent. The results given in table 2 show that 39 g of material out 
of the original 93.6 g of moisture-free beans could be accounted for in 
neither the protein substance nor the residue of soybeans left after 
three extractions "were made. Of this 39 g of material unaccounted 
for, 22.78 g were shown by the data to be neither protein nor ash. It is 
assumed that this unidentified material dissolving out from the soy- 
beans was largely carbohydrate in nature. It seems remarkable that 
the quantity of water-soluble constituents is as high as this. Further 
identification of water-soluble carbohydrates is under way. 

Table 1 . — Analyses of protein substance extracted from soybeans by various methods 




Protein sub- 

Constituents in moisture-free 




stance 


protein substance 



Kind of 

1 




1 




soybeans 


Mois- 

1 


Protein 

Solvent 

Means of 


1 Yield 1 

ture 

Ash 

Nitro- 



precipitating 


con- 

tent 

gen 

NX5. 71 

NX 6. 25 






fNo. 85666 2- 

Grams 

Percent 

Percent 

Percent 

Percent 

Percent 



24,75 

5.44 

2. 34 

16.23 1 

92.7 

101.4 

Water.. 

Acetic acid.. 

INo. 81029 3„_ 

27. 37 

6.00 

2.05 

16.13 i 

92.1 

100,8 


{Commercial i 

25. 27 

6. 83 

2. 24 

16.03 I 

91.1 

100.2 



1 flakes.* 





Sodium chloride solu- 
tion, 10 pereent. 

f Dialysis. 

i Acetic acid-- 

--do--.. 
do 

10. 35 
13. 21 

5. 78 
5. 63 

.57 

1.22 

16.35 i 
13,24 

93.3 
75. 6 

102. 2 
82.7 

Sodium carbonate solu- 

.....do-—. 

do.-—.. 

10.36 

9. 85 

4. 92 

12. 55'! 

71.7 

78.4 

tion, 10 percent. 

(....do..— 



Sodium hydroxide solu- 

do.— .. 

35.68 

4.98 

1.21 

13.57 ^ 

77.5 

84.8 

iHydrochlo- 
t rie acid. 

-.-do— 

tion, 0.2 percent. 

19.83 

7. 36 

1.79 

13.00 

74.2 

81.2 

Sodium hydroxide solu- 
tion, 10 percent. 

-.---do— 

do-- — -.1 

10.63 

5. 92 

20.22 

13. 80 

78. 8 

86.2 


^ From 100 g of faWree soybeans. 
® Average of 3 ruiis. 


* Average of 2 ruBS. 
^ Average of 7 runs. 










Microscopic appearance of protein substance during Drecmitation 

^ newly precipitated protein substance in tlS mcSher liauor* 
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Table 2. — Nonprotein constituents removed from soybeans by extraction with water 


[Amounts based on lOO g of fat-free soybeans No. 85666] 


i 

■ 

Material 

-Air-dried 

weight 

Moisture- 

free 

weight 

Constituents present 

Ash 

Proteins 

NX5.71 

Others 
by differ- 
ence 

Fat-free soybeans 

Grams 

100 

24. 7 
34.0 

Grams 

93.6 

23.4 

31.2 

39.0 

i 

Grams 

6. 32 
.55 
,79 
4.98 

Grams 

45.11 

21.69 

12.20 

1 11.22 

Grams 
42. 16 
1. 16 
18. 22 
22. 7S 

Protein substance.-- 

Residue 

Loss in waste liquor, etc 




1 Analysis of the waste liquor accounted for 6.05 g of this protein loss. 


PROTEIN CONVERSION FACTOR 

In recording the protein equivalent of the nitrogen percentages 
found by analysis, the factor 5.71 has been employed, since Jones (7) 
found it to be the correct one for soybeans. Few investigators even 
mention the conversion factor they have used, though it appears likely 
from their results that usually they have used 6.25. That the factor 
6.25 was incorrect for the nitrogen yields of this study is indicated in 
table 1, where the protein content of the substance is shown as com- 
puted with each factor. The factor 6.25 made the protein apj^ear to 
be more than 100 percent of the Aveight of substance. The protein con- 
tent of the moisture-free protein substance was 92 percent (NX5.71). 

SOYBEAN PROTEIN SUBSTANCE 

The general physical behavior of the protein substance was a mat- 
ter of major concern in the study because the usefulness in food 
technology of such a concentrated form of protein would be deter- 
mined by properties like solubility, ease of coagulation, and behavior 
as a colloid. Several tests designed to reveal its potential functioning 
in this food capacity were carried out. Samples extracted from the 
three varieties of soybeans showed no recognizable diflcrences in 
general behavior. 

Separation and identification of the proteins which were precipitated 
from the water extractions was not one of the purposes of this study. 
The term ^^protein substance’’ has been used by the authors to refer 
to the recovered material because it was thought imlikely that only 
an individual protein was present. If other writers are correct, the 
protein substance was largely the globulin glycinin. It contained, as 
the above-mentioned analyses indicated, some moisture, a small 
amount of ash, and about 5 percent of unidentified material. 

APPEARANCE AND SOLUBILITY 

The protein substance was a tasteless, odorless white powder, the 
presence of which would be wholly unobjectionable as an addition to 
foods. So far as could be told, it was not crystalline. During the 
process of its precipitation from the liquor, microscopic threadlike 
chains or networks were characteristically present. Such an appear- 
ance is shown in plate 2, A. During drying the clumps assumed an 
appearance which would have been described as amorphous except 
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for the fact that under the microscope they were luminous when 
examined dry between crossed Nicols.^ It seemed possible that each 
clump was made up of innumerable anisotropic units; their luminosity 
could not be extinguished as the Nicols were turned, but this might 
have been due to the countless anisotropic units assuming as many 
different positions. Plate 1, C and D, shows masses of protein sub- 
stance mounted dry and examined without and with crossed Nicols. 

In water, the clumps exhibited no change in microscopic appearance 
which could be attributed to dissolving action, though anisotropy 
did not exist. This is shown in plate 2, B, where the clumps remained 
unchanged after standing in water for 10 minutes. The substance 
was seen to disintegrate rapidly when it was suspended in a very 
dilute sodium hydroxide solution (0.025 percent) and watched for 
several minutes under the microscope. Plate 2, (7 and D, shows that 
the protein clumps were peptizing even after standing 1 minute in the 
dilute alkali and had almost disappeared after 10 minutes.^^ 

But little of the protein substance could be redissolved in water or 
even in sodium chloride solution. This was true while the material 
was still moist and also after it had been dried with alcohol. The 
protein substance was suspended in the solvent and shaken at room 
temperature for 1.5 hours, at the end of which time only about 12 to 
20 percent of it had disappeared. It gave no appearance of dissolving 
in water though it was peptized readily by either 10-percent sodium 
carbonate or 0.025-percent sodium hydroxide solutions. The globulin 
had obviously undergone a transformation to an insoluble protein 
during the precipitation process. The protein may w^ell have been 
further denatured during drying, but whether it was greatly exag- 
gerated by alcohol treatment, was not determined. 

Both 10-percent sodium carbonate and 6 N acetic acid solutions 
peptized or softened the protein to a gelatinous mass in a short time. 
Either of the last two solvents might safely be used in less concen- 
trated solutions for such purpose in food preparation. The dried 
protein substance, originally extracted from the soybeans with alkaline 
solutions, dissolved to a somewhat greater extent than the one obtained 
by the method adopted. But this fact was probably explained by the 
presence of significant amounts of nonprotein impurities in the protein 
substance obtained by such solvents. 

FOAMING ABILITY 

The marked tendency of soybean suspensions to foam was a trouble- 
some property in the processes of extraction, but on the other hand, 
it was seen to have certain possibilities of practical application. 
Several tests were made to determine whether the protein substance 
itself had any foaming ability with the idea in view that it might be 
put to use in food technology wherever egg white or gelatin are now 
employed for such purposes. 

Eight grams of material, either ground soybeans, or protein sub- 
stance, or residue from the extractions, in 100 ml of water was whipped 
at high speed in an electric mixer for 8 minutes. The volume of the 
foam if one formed at all was measured and then it was emptied into 
a large funnel containing two layers of cheesecloth. The volume of 
fluid which had drained from the foam at stated intervals was meas- 

_ < Acknowledgment is made of the assistance of Dr. Majel M. MacMasters, associate in'bome economics, 
m tne preparation of the pbotomicrograplis. " 
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iired as an indication ot foam stability, more liquid draining from the 
less stable foam. The foaming ability of the liquors was measured 
by treating 100 ml of the liquor as above. The results of the foaming 
test are given in table 3. 


Table 3. Volume and stahility of soybean liquor foams 


Material 


pH of 
solution 


Fat-free soybean 2. 


Residue, moist 2 6.0 

Residue, dried 2 

Protein substance: 

Used while still moist 2 

Used after dried 2 

Protein liquors, first extractions: 

Before precipitation of protein 6. 1 

After precipitation of protein 5.0 

After precipitation of protein and addi- 6. 0 
tion of NaaOOa. 

After precipitation of protein, followed 5. 0 
by removal ot heat-coagulable proteins. 

Protein liquors: 

First extraction, after precipitation 5, 0 

Second extraction, after precipitation 5. 0 

Third extraction, after precipitation 5. 2 


Volume 
of foam 1 

Water drained 
from foam i in— 

Remarks 

5 min- 
utes 

30 min- 
utes 

Milliliter 

Milliliter 

Milliliter 


600 

4 

28 

Heavy foam, thick 




consistency. 

250 

70 


Thick paste, little 




foam. 

(2) 




(3) 




0) 




1,200 

0 

60 

Stable foam. 

1, 600 

2 

60 

! Stiff, dry foam. 

1. 400 

4 

‘ 65 

Foam like egg white. 

1,700 

40 

80 

Do. 

1, 600 

5 

70 

Stiff, dry foam. 

1, 100 

40 

85 

Stiff foam. 

500 

75 

85 

Thin, watery foam. 


1 Foam produced by 100 ml of solution or suspension. 

2 A suspension contained the equivalent of 8 g of air-dry material per 100 ml. 

3 No foam. 

Liquors remaining after most of the protein substance had been 
precipitated produced fairly stable foams of large volume. One such 
sample also became ropy and gelatinous after standing overnight in the 
refrigerator. The presence ^ of mucilaginous constituents has com- 
monly been observed in this laboratory in both green and mature 
soybeans. In fact, the liquor present in canned green beans, pro- 
cessed at 10 pounds pressure, has usually been found to appear as a 
soft jelly. No one pH value seemed to be required for the foaming, 
and the amount of protein dissolved in the liquor did not determine 
the volume of the foam. With a diminution in amounts of all con- 
stituents in succeeding extractions, the volume and stability both 
decreased. 

The soybean residue from the extractions had practically no foam- 
ing power in spite of the fact that it still contained about 37 g of protein 
in 100 g. of moisture-free material. The original fat-free soybeans, 
on the other hand, formed a fahrly stable foam of small volume; part 
of its stability seemed to be due to suspended matter, for its con- 
sistency was very different from that of the other foams. 

The results showed that the protein substance, having undergone 
transformation to an insoluble form during its precipitation, had no 
ability to produce a foam either when used as freshly precipitated, still 
moist material or when suspended in water again after it had been 
dried. Watts (14), who investigated the whipping ability of ground, 
defatted soybeans, had attributed the foams obtained to protein con- 
tained by the flour. It is the opinion of the authors that other soy- 
bean constituents, e. g., saponins, pectinous or gumJike carbohydrate 
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derivatives, are responsible to a great degree for the foaming of the 
ground soybeans and of the liquors. ^ Carbohydrates and like con- 
stituents are in process of investigation in the authors^ laboratory 
now. The presence of saponins in soybeans has been reported by 
several groups of investigators, one of whom, Burrell and Walter (i), 
have recently prepared a crystalline saponin from soybean meal and 
studied its behavior. 

OTHER PHYSICAL PROPERTIES 

The protein substance differed from ground fat-free soybeans in 
several points of behavior. For one thing, it failed to absorb water 
when moistened and allowed to stand. One of the outstanding char- 
acteristics of soybean flour is its ability to absorb and hold large 
amounts of water. For example, a commercial low-fat soybean flour 
has been found to take up about 2.5 times its weight of water. This 
was determined by centrifuging off at high speed all surplus water 
which the moistened flour failed to retain. By the same test the 
residue of soybeans left after the proteins were extracted was found 
to have doubled the original capacity of soybeans to hold water. 
Milliliters of water absorbed by 100 g of material were as follows: 


Milliliters 

Commercial soybean flour, low-fat 245 

Commercial soybean flakes, fat-free 255 

No. 85666 soybeans, fat-free 225 

Residue from No. 85666 soybeans after protein extraction 490 


These results indicated that other constituents, probably carbo- 
hydrate in nature, were responsible to a large degree for the swelling 
of soybean products in water. 

Seed globulins have usually been reported in the literature to be not 
heat-coagulable. There is evidence of their slow rate of coagulating 
in the fact that ^ ^soybean milk” can be boiled for several minutes 
without visible change. Soybean milk is the name given a milky- 
white, watery suspension which is in common use in the Orient. Tests 
on the water extracts obtained in these experiments showed that the 
protein present did not coagulate by heat so long as the pH value was 
6.0. After an addition of acetic acid had reduced the pH value to 
5.00 and the precipitated protein had been removed, the remaining 
liquor allowed successive coagula to form at 66*^, 80^, and 96° C. as 
heating and filtering were continued. But in all, the weight of heat- 
coagulated proteins was only about one-fifteenth of that of the protein 
known from the analyses to have been present in the liquor. 

^ The very slight solubility of the protein substance has been men- 
tioned already . The small amount which did dissolve, either as freshly 
precipitated or previously dried protein, showed no visible coagulation 
even when heated to boiling. 

VALUE AS A PROTEIN SUBSTITUTE IN COOKERY 

The protein substance being a tasteless white powder was found to 
have no objectionable features as an article of food. Several tests 
were made for the purpose of determining whether it had advantages 
in behavior as a colloid. A few typical dishes were prepared to learn 
whether it could be satisfactorily substituted for the usual weight of 
egg protein used for thickening purposes. In a custard no thickening 
whatever was observed whether the soybean protein was boiled with 
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the milk or allowed to cook at the lower temperature of the usual 
baked custai'd. This was true when both dried and freslih' precipitated 
protein substance were used. Salts or other constituents of the milk, 
therefore, did not favor peptization of the soybean protein. Muffins 
were made to contain egg protein, or soybean protein substance in 
both dried and freshly precipitated forms, or no protein of eitiier kind. 
Tiie products made with soybean protein were neither better nor worse 
than those made with no egg at all. The ones containing egg were 
superior, however, to those without egg. Soybean flour has only slight 
thickening or binding quality, hence but little of this property has 
been lost in the conversion of flour to protein substance. 

The soybean protein was found to have two advantages over soy- 
bean flour; it contained more tlian twice as much protein and it was 
free from flavor. Even though it was not found to be a successful 
substitute for animal proteins for cooking purposes, its presence in a 
mixture did not interfere with the expected reactions of other com- 
ponents. There is no reason to believe that its digestibility and utiliza- 
tion in the body have been lessened by converting it into a difficultly 
soluble form of protein during the process of extracting it from the 
soybean. 

It is suggested that soybean protein might be incorporated with 
any food of moderately thick consistency if there is an advantage in 
thus increasing tire protein content of the diet. Cereals, thiekened 
soups, vegetable dishes, and escalloped foods of many kinds might 
Iiave the protein substance incorporated in rather large amounts. 
Furtlier work may reveal ways of reducing tlie amount of denaturation 
of the protein as it is precipitated, dried, and stored. Possibly it 
miglit then be used still more effectively in food preparation. 

SUMMARY 

Tlie purpose of the study was to find a simple metliod of extracting 
semipure protein from soybeans and then to determine whetlier the 
protein substance could be used advantageously in food preparation. 

Protein was extracted from two varieties of soybeans and from 
commercial soybean flakes by treating fat-free finely ground beans 
with water at room temperature and then precipitating the protein 
from the extract by acidification with acetic acid to pH 5.0. 

The dried protein substance thus obtained represented about 52.6 
percent of the nitrogen originally present in the soybeans. It was 
92 percent protein (Nx5.7l) on a moisture-free basis. 

The protein substance was not crystalline but appeared to be 
anisotropic. Photomicrographs show its 1 uminous appearance between 
crossed Nicols and also show it in the process of precipitating and 
peptizing. 

It was not measurably soluble in water or salt solution, though 
acetic acid and sodium carbonate solutions caused it to soften and 
swell. Suspensions of it did not foam; in this behavior it diffeied 
markedly from suspensions of ground fat-free soybeans, the foaming 
ability of which is probably due partly to nonprotein constituents. 

The protein substance did not produce a thickening or binding of 
food ingredieiits similar to the effect caused by egg proteins in custiirds 
or miiffins. Neither did its presence interfere with expected reactions 
of other components during cooking. It was tasteless and wholly 
imobjectionable as an addition to other foods. 

' 109365 — 38—3 '/ 
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It lias been suggested that the protein substance might be in- 
corporated in many food dishes for the purpose of adding to their 
protein content. The substance is thought to offer possibilities as a 
new source of food protein, and to have the advantage over soybean 
flour of higher protein content and freedom from flavor. 
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LINKAGE OF THE Q B Gs GROUP IN SORGHUM ^ 


By J. C Stephens, associate agronomist, Division of Cereal Crops and .Diseases, 

^Bureau of Plant Industry, United Slates Department of Agricidtwre, and L R. 

Quinby, superintendent, Substation No, 12, Texas ^AgriciiUtiral Expend nmit 

Station, and agent, Division of Cereal Crops and Diseases, Bureau of Plant 

Industry, United States Department of Agricidture 

INTRODUCTION 

A ratlier large number of papers on the genetics of sorghum {Sorghum 
imlgare Pers.) has been published during the past 20 years, * The 
sorghum plant is well adapted to genetic studies because of its growth 
habits, diversity of characters, and relatively small number of chromo-' 
semes. The number of seeds on a single head is usually not less than 
500 and may reach a total of 6,000. Most varieties, under suitable 
conditions, produce tillers and nodal branches and thus continue to 
bloom intermittent^ until the plants are killed by frost. So far as 
known, all varieties of sorghum, including broomcorn and Sudan 
grass, can be intercrossed freely, and the resulting hybrids are com- 
pletely fertile. 

The inheritance of approximately 50 factor pairs in sorghum has 
been determined by the writers during the past 12 years. The 
characters were investigated to determine their linkage relations, and 
it has not seemed necessary to publish detailed data on simple inde- 
pendent genetic factors. Many of these genetic results were listed, 
however, in summary tables in an article on sorghum improvement 
{10)} This paper reports a linkage group of three factors studied 
in the coupling phase and the independence of this group from several 
other factors that Iiave been reported previously by the writers or 
by other workers. The linked factors are those for reddish and 
blackish plant color {Qq)j presence and absence of brown micellar 
layer (R5), and normal green and a green-striped chlorophyll de- 
ficiency {Gsgs), 

REVIEW OF LITERATURE 

ASSOCIATED CHARACTERS 

In 1930 Reed {23) reported seedling stem color to be simple in 
inheritance with red stems dominant to green. Working inde- 
pendently, Karper and Conner {6) shortly thereafter reported linkage 
between seedling stem color and a seedling albino with 41.34 percent 
crossing over. The factor pairs for this linkage were designated 
Rr and respectively. A two-factor segregation for seedling stem 
color was reported by Woodworth {80). 

According to Rangaswami Ayyangar {IS), Benson and Subba Rao 
in 1906 observed the association of dull leaf midrib with juicy stalks 
and white midrib with pithy stalks. Swanson and Parker found 
a higher percentage of smutted plants in rows homozygous for juiciness 

1 Recei^’ed f3r publication April 15, 1938; issued December 1938. Cooperative investigations of the Divi- 
sion of Cereal Crops and Diseases, Bureau of Plant Industry, XJ. S. Department of Agriculture, and the 
Texas A-Trisiiltiiral Experiment Station at Substation No. 12, Ghillicothe, Tex. Technical Series No, 442, 
Texas Agricultural Experiinent Station. 

2 Italic numbers in parentheses refer to Literature Cited, p. 766. 
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than in rows containing pithy-stalked plants, but they suggested that 
instead of linkage between smut susceptibility and juiciness there 
may have been physiological correlation between smut susceptibility 
and sweetness. These authors found a single-factor difference 
between dry and juicy stalks and used the symbols D and d for 
dominant dry and recessive juicy, respectively. Eangaswami 
Ayyangar et al. {18) used the same symbols in reporting the inde- 
pendent inheritance of juiciness and sweetness, and in a later paper 
{17) they reported a linkage between purple leaf-sheath color and 
j uiciness^ of stalk with 30 percent crossing over in the F2 repulsion 
phase. The factors for purple leaf sheath and its recessive allelomorph, 
brown leaf sheath, were designated P and p, respectively. 

Eangaswami Ayyangar et al. {20, 21) have observed close associa- 
tion among colors of the anther, stigma, and grain. The associations 
were assumed to result from expressions of the same color factors. 
Sieglinger {25) found yellow stigmas and colored seed segregating as 
a unit with white stigmas and white seed, and assumed stigma color 
to be another expression of the factor for seed color or else due to a 
very closely linked gene with no crossing over in bis populations. 

Vinall and Cron (29) reported dominance of red glumes over black 
in the Fi and a 3:1 segregation in the F2. Eangaswami Ayyangar 
et al. {19) also found a single-factor segregation and called attention 
to the association between color of glumes and leaf-sheath color. 
They designated tlie factors for dominant reddish purple and reces- 
sive blackish purple by the symbols Q and g and illustrated the pheno- 
types in color {19, pi, XLII), Eangaswami Ayyangar et al. {16) 
reported a linkage between the factor pair Qg and one of two factors 
for brown in dry anthers and grain which they designated Bi and 
B 2 {22). Tliis linkage was studied in the repulsion phase and no 
crossing over was observed in F2 and F3 populations totaling about 
10,000 individuals. Recently, Rangaswami Ayyangar {IJ) reported 
a linkage between the q factor and the genes controlling the presence 
or absence of the nucellar layer, but at this writing has given no data 
indicating the intensity of the linkage. 

Karper and Conner {6) reported a lethal yellow seedling character 
recessive to normal green and designated the factor pair F2y2- Karper 
ip) found starchy endosperm acting as a simple dominant to waxy 
with the F2 seeds on Fi heads segregating 3 : 1 and Fi pollen segregating 
1 : 1. The symbols Wx and wx were used for the factor pair. Karper 
et al. (7) reported a linkage of the factor pairs and Wxwx with 
26.5 percent crossing over. 

MISCELLANEOUS INDEPENDENT CHARACTERS 

The symbols A and a have been used to designate the pair of factors 
for awnless and awned, respectively. Vinall and Cron found a 
segregation of 3 awnless to 1 awned in the F2 of a Dwarf milo X 
feterita cross, but Sieglinger et al, {26) pointed out that the segrega- 
tion in this particular cross is 1 tip-awn ed : 2 weak-awned : 1 strong- 
awned. Ramanathan (i^) reported 3 short-awned to 1 long-awned, 
and Sieglinger (^5) found 3 awnless to 1 awned in a Blackhull kafir X 
darso cross. In this cross Sieglinger observed independent inherit- 
ance of awns and seed color. 
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Karper and Conner (6“) reported a virescent yellow seedling whicli 
occurred in F2 populations in the ratio of 3 green to 1 virescent yellow. 
The factor pair concei'ned was designated 

Karper and Stephens {8) reported normal flowers dominant to aii- 
theiiess with a 3:1 segregation in the F9, and Martin {10) used the 
symbols Al and ai, respectively, to designate the factor pair involved. 
Karper and Stephens also gave the inheritance of twin-seeded spikelets, 
resulting from full development of the lower normally sterile flowers, 
as simple dominant to single-seeded spikelets. No symbols were used 
for the factor pair. 

SEED COLOR CHARACTERS 

Seed colors have been studied more intensively in India than in 
America, and several factors have been reported by workers in India 
which have not been mentioned in papers published in this country. 
Graham (4) found red (i2), yellow (F), and white an allelomorphic 
series except that some whites were undeveloped reds requiring the 
presence of yellow for expression of color. Graham’s hypothesis was 
revised by Rangaswami Ayyangar et al. {20 ^ p. 603). In this revision 
the authors assumed the following factors for color of sorghum grains: 

Red YYRRWWII 

WlVif 
WWII 
WWii 

White (yellow base) {rlmw// 

A basic yellow plant color is represented by tlie s.ymbols FI" but 
apparently no allelomorph has been found. A factor pair for red 
grains was designated Rr. The factor R masks yellow and when R is 
present the grains are red, pink, or white depending on additional 
factors for intensity of color and wholeness of color. The allelo- 
morph, r, permits expression of yellow. Red-grained plants have a 
color-intensity factor assigned the symbol /, but potentially red- 
grained plants are pink-grained when only the allelomorph, i, is 
present. A factor pair for wholeness of color represented by the 
symbols Ww determines whether the seeds are colored or wliite. 
When the factor W is present the seeds are red, pink, or ytfllow; but 
when only the allelomorph, iv, is present the seeds are white except 
for a slight expression of color at the base of grains. This color at tlie 
base of grains is red or yellow as determined by the factor pair for red 
color, Rr. 

The seed color of Yellow milo, as the name implies, has been con- 
sidered yellow in America. According to Rangaswami Ayyangar 
and associates (15), the color of Yellow milo is pink rather than yellow. 
These authors gave Yellow milo seed color the factorial composition 
YYWWRRii. Since they consider the seed color c)f Yellow milo not 
true yellow, probably no varieties grown in tlie United States would 
be regarded by them as yellow-seeded. Many of the sorghums im- 
ported from India will not mature in this country in field plantings, 
probably primarily because of length-of-day reaction. Yellow- 
grained types distinctly different from Yellow milo in appearance have 
been planted at Chillico the but have not matured. 


Pink YYRR 

Yellow {p:;:;: 

White (red base) 
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Viiiall and Cron Sieglinger (^4), and Swanson (^7) liave used 
tJie symbol R to designate a factor for red seed^ color. ^ Conner aiid 
Karper (2) reported seed color inheritance in White milo X Yellow 
milOj Blackhull kafir X Red kafir, and Blackhull kafir X Pink kafir 
crosses without assigning symbols. Under the hypothesis of Ranga- 
swami Ay^ningar and associates these American studies with segrega- 
tion of red and white or yellow and white seed colors involve the fac- 
tors Ww for wholeness of color and not factors for red or yellow. 

Vinall and Cron (29) found a 9 browinseeded to 7 white-seeded 
segregation in the F 2 generations of feterita X Blackhull kafir and 
reciprocal crosses. Both feterita and Blackhull kafir are white-seeded 
varieties. These authors assumed a factor B for brown specks carried 
b}^ kafir and a factor S carried by feterita for a spreader which diffused 
the brown specks, giving the whole seed a brownish color in Fi; the 
factors were inherited independent^. Sieglinger (24) revised the 
hypothesis and assigned the symbol B to brown nucellar layer carried 
by feterita. The dominant smooth or glossy pericarp of kafir was 
designated S, and with both B and S present the^ epidermis was 
brown. Swanson (27) assumed the factor S to determine the develop- 
ment of a vestigial mesocarp while the allelomorph, s, determined a 
well-developed starchy mesocarp. The thick mesocarp, ss, was said 
to mask nucellar color and inhibit even slight expression of color in the 
pericarp from the factor B, Regardless of the exact functions of the 
factor pair Ss, it was agreed by these investigators that in the presence 
of both B and S the color of seed was buff or brown and B and S were 
inherited independently. 

The brown washes of Rangaswami Ayyangar et al. (22), designated 
Bi and ^ 2 ? be assumed to be distinct from nucellar layer, since at 
the time of their report these workers stated (p. 88) that in their ex- 
perience ^The nucellar brown has not been met with,^^ and one of the 
brown washes was reported to be very closely or absolutely linked 
with the plant color factors Qq (16). Later Rangaswami Ayyangar 
(14) reported nucellar layer linked with the blackish-purple plant 
color gene q and therefore linked with brown wash. It may be sug- 
gested that his statement (I4, V- 200) that “almost all the^ varieties 
with brown nucellus are (varieties) whose leaf sheatlis and glumes are 
blackish-purple” should be qualified to except broomcorn and the 
kaoliangs from China, Chosen, and Manchuria. Among the many 
importations of kaoliangs into America a large majority carry the red 
plant color and have nucellar layer present. 

It may be expected, of course, that with further studies and ex- 
change of materials the different views will be harmonized and the 
mounting number of distinct factors reported will be recognized by all 
workers. ■ ' ' ■ ' 

DESCRIPTION OF CHARACTEES 

PLANT COLOR 

The influence of one of the pairs of genes affecting plant color in 
sorghum is expressed in injured Tissue throughout the plant and in 
mature glumes. In some varieties the injured or decaying seminal 
andxoronary roots of seedlings or older plants, the tissues injured by 
aphids, chinch bugs, or other insects, particularly in leaf sheaths, the 
tissues surrounding areas attacked by foliage diseases, and the small 
spots on seed regularly turn a reddish color; and in these -varieties the 
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Ficithe 1 . — Cross sections of mature sorghum seed showing jirestmce and absence of 
brown micellar layer: A, Brown hegari (BBSSrr); B, Dwarf Yellow niilo 
(bbSSRR). X160: 

deterinined readily by sci-aping olf outer layers of the seed coat. 
Since the symbols Bb appear to have been used by SiegUiigor 
for brown nucellar layer previous to their use by Raiigaswami Ay- 
yaiigar et ah for brown waslp they are used in this paper to repre- 
sent the factor pair for presence and absence of nucellar layer, 

GREEN STRIPED 

Chlorophyll-deficient types occur frequently in sorglium. This 
particular chlorophyll deficiency was observed in a |)lot of (Blackhull 
kafirXfeterita)XBlacldiuli kafir, F. Cd 8951, at Chillicothe in 1932. 


751 

mature glumes are some shade of red, usually dark but distinctly of a 
reddish cast. In other varieties the color is miich darker and is 
definitely blackish. Distinction between the two colors is made with- 
out difficulty in good seasons although seasonal conditions and modi- 
fiers influence development of color, particularly in glumes. 

Vinall and Cron (29) reported red glumes doniinant to black and a 
3 : 1 segregation in the F 2 . Rangaswami A^wangar et al. (19) associated 
glume color with leaf-sheath color. They designated tlie cloininant 
factor for red Q. and the allelomorph for black 

BROWN NUCELLAR LAYER 

A brown nucellar layer is present in kernels of some varieties of 
sorghum and absent in others. Tliis structure is a single layer of 
thick brown cells (fig. 1). The presence of a nucellar layer can be 


3 In some American varieties the red color of plant and glume is recessive to black, but the interreh- 
tionships have not been completely worked out. 

F, G. denotes accession number of the Division of Forage Crops and Diseases. 
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The character was later found to^ be monofactorial and recessive to 
normal green. The typical recessive condition can be best described 
as similar in appearance to the green-striped in corn illustrated by 
Lindstrom {9, pi. III). The dilution of chlorophyll varies from 
plant to plant and at different stages of growth. Seedlings some- 
times emerge yellow but usually are green and turn yellow or striped 
within 2 or 3 weeks. In some cases no fading of green occurs until 
plants are 10 or 12 inches tall. ^ Later most of the plants turn green 
and at maturity cannot be distinguished from normal greens except 
that frequently short streaks in the leaves fail to develop color. 
Some plants remain striped to maturity. The character is sometimes 
lethal, but green-striped seedlings usually survive unless environ- 
mental conditions, such as dry weather or chinch-bug infestation, 
are severe. 

Continued selection of extreme types through three generations 
failed to produce lines that varied from each other or from parent 
stocks. The character is influenced appreciably by environment and 
frequently appears on one end of a series of homozygous rows before 
it can be detected at the other end. In separating phenotypes it has 
been necessary to stake the recessive plants intermittently over a 
period of 3 or 4 weeks, but this separation has been reasonably accu- 
rate as determined by the F3 progenies. 

LINKAGE OF Q, B, AND Gs 

Linkage of glume color and nucellar layer was observed at Chilli- 
cothe in 1929 and briefly mentioned in the Texas Station Annual 
Report of 1930 (11). Rangaswami Ayyangar (I 4 ) has reported the 
same linkage but has not given the intensity. The linkage between 
nucellar layer and green-striped was found in 1935. Data accumu- 
lated over a period of years for the coupling phase of the two linkages 
are sliown in table 1. Cross-over values of approximately 16 per- 


Table 1. — Segregation in the F2 coupling phase of plant color {Qg) with nucellar 
layer (Bb) and nucellar layer with green-striped {Gsgs) 


Years 

Factors 

1 Total 
' popula- 
tion 


Classes 


Cross- 

Stand- 

AB 

Ab 

aB 

ab 

over 

ard 

error 

i<)21)-3f) .. 

Qq and Bb 

8, 922 

0, 107 

050 

f>49 

1,450 

1 393 

i 

Percent 

10 

0.4004 
. 3503 

1935-30.--... 

Bb and Gsgs ! 

2, 093 

1,406 

113 

121 

12 


cent between glume color and nucellar layer and 12 percent between 
nucellar layer and green-striped are indicated. 

An F2 population of Brown kaoliang, S. P. I.^ 66384 X green-striped 
F. C. 8951, in which the three characters were brouglit together in the 
coupling phase, was grown in 1936. The single-factor inheritance of 
each character in this particular population is shown in table 2. 

The parental combinations and recombinations of the three charac- 
ters in the F2 generation are given in table 3. The indicated order of 
genes and cross-over percentages is Q (13.2) B (11.3) 

S. p. 1 . (.knotesiU'cession namber of the Division of Plant Exploration and Introduction, formerly Office 
of Foreign Seed and Plant Introduction. 


Nov. 15, 1938 


Linkage o f the Q B Gs Gro wp in Sorghum 


753 


Table 2. — Classes of plant color (Qq), nucellar layer (Bb)y a7id gre^'H^sfrl pi-d {(dsgs^ 
in an Fi population of Brown kaoliang, S. P. I. 66884, X green-^lript'd (( Black hull 
kafir X feterita) X Blackhull kafir), F. C. 8951, grown in 1986, showing single- 
factor segregation for each of the characters 


Factors 

Total 

popula- 

tion 

Domi- 

nant 

Classes 

Recessive 

X- 

P value 
be- 
tween— 

Plant color, Q<} - 

000 

000 

! Number 

; 1, 470 ; 

1 1,476 ! 

1 1, 484 

Number 

490 

484 

476 

Percent 
25. 00 
24. 69 
24. 29 



Nucellar layer, Bb - j 

Green-striped, Gsgs 

\ 0. 097 

1 . 533 

i 0.80-0.70 
. 50- . 30 


Table 3. — Parental combinations and recombinations of plant color (Qq), nucellar 
layer (Bb), and greedi-striped (Gsgs) in an F 2 population coupling phase of 
Brown kaoliang, S. P. L 66384 X green-striped [iBlackhidl kafir X feterita) X 
Blackhull kafir), F. C. 8951, grown in 1986 


Combinations and recombinations 

Factors 

Population ' 

1 

Percent 

Number 

Total 

Parental combinations ' 

fQBGs 

1,246 

268 

!• 1,514 

77. 245 

iqbgs 


Recombinations between Qq and Bb — 

fqBOs - 

123 ^ 

] 224 

11.429 

X’Qbgs 

101 i 

Recombinations between Bb and Gsgs. . 

jQBgs 

98 i 

] I8S 

9. 692 

\q'bGs 

90 

Double recombinations - 1 

{QbGs 

25 

9 

} - 

1.735 

[qBqs 


1 



Total - - 



1, 960 






Recombinations and double recombina- 

\QQ~Bb 

s Bb-gsgs 



n.429-i~1.735-13, 164 
9.592+1.736 = 11.327 

tions. 

[Qq~Gsgs 








Total 




24. 491 



1 



INDEPENDENT INHERITANCE OF Q B Gs GROUP WITH SOME OTHER 
REPORTED SINGLE-FACTOR CHARACTERS 

The segregation in F 2 of one or more members of the linkage group 
with certain other characters is shown in table 4. The segregations 
indicate independent inheritance or cross-over values so high that 
linkage cannot be detected. The inheritance of each of tliese charac- 
ters has been reported as simple 3:1, although a two-factor segrega- 
tion has also been reported for seedling stem color. 

In the counts accumulated at Chillicothe during the past several 
years, the segregations for some of the characters deviate significantly 
from a 3:1 ratio. This condition is frequently found in inheritance 
studies, and various causes niaA^ be responsible. In sorghum some 
phenotypes are hard to classify at times because drought or chinch- 
bug damage retards normal development of cliaracters, and no doubt 
a few errors in classification have been made. In otlier cases it is 
likely that there may have been modifications in gametic ratios or 
dift'erential germination or emergence of sporophytes. Regardless of 
the cause of these deficiencies in the recessive classes, there is no reason 
to assume more than a single-factor difference in any specific case, and 
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we are here concerned primarily with the relation of these factors with 
the QB Os linkage group. Collins’ formula (1) was used to calculate 
expected classes for computation of In using Fisher’s table of x' (3) 
to obtain a P value, n equals 2 because two entries in the four fre- 
quency classes can be made arbitrarily, leaving only 2 degrees of 
freedom. 


Table 4. — Independent segregation in the generation of miscellaneous characters 
with members of the linkage group Q (plant color) ^ B (nucellar laijer)^ and Gs 
(green-striped) 


Independent 

characters 

Factors 

(segre- 

gating 

pairs) 

Population 

1 

P 

value 1 
be- 
tween— 

Total 

Observed F 2 

Calculated F 2 

AB 

1 1 

Ab 

aB 

ab 

A'B' 

A'b' 

a'B' 

a'b' 



Num~ 

\ 

Num- 

\Nu7n~ 

Num- 

Num- 

Num- 

Num- 

Num- 

A%m- 





ber 

ber 

ber 

ber 

ber 

ber 

her 

ber 

ber 



Spreader^.. 

Qq-Ss.... 

f)l8 

384 

100 

95 

39 

375 

109 

104 : 

30 

4.438 

0. 20-0. 10 


IBb-Rr- - 

3, 319 

2, 485 

026 

208 


2, 490 

622 

207 


.041 

. 9S~ . 95 

Pericarp color 

\Bb-Rr..,. 

f),773 

3, 943 

1, 214 

1, 222 

'394 

3, 933 

1, 224 

1,232 

384 

.448 

. 80- . 70 

\Rr-Qq...^ 

139 ' 

75 

30 

25 

9 

76 

29 

24 

10 

. 189 

. 95- . 90 


{Rr-Qq...^ 

; 5,713 ' 

3, 359 

990 

1, 019 

345 

3, 333 

1, 016 

1,045 

319 

3. 634 

. 20- . 10 


\Qq-Aa.., 

ft, 711 

3, 90S 

1, 317 

1, 226 

369 

3, 846 

1,280 

1,189 

396 

6.034 

.0.5" .02 

Awns - — - 

\Bb-Aa.^. 

10, 402 

5, 929 

2, 024 

1,847 

602 

5, 945 

2, 008 

1,831 

618 

.724 

. 70" . 50 


[Dd-Qq.... 

2, 773 

1,577 

546 

485 

105 

1, 579 

544 

483 

167 

.042 

. 98" . 95 

Juiciness 

\Dd~Bb.,. 

8, 251 

4,718 

1,470 

1,567 1 

496 

4, 714 

1,474 

1, 571 

492 

.057 

. 98- , 95 


! [Dd-Gsgs . 

L 760 

1, 008 

319 

331 

102 

1,010 I 

317 

329 

104 

.067 

.98- .95 


\{Rsrs-Qq-. 

3, 023 

1, 786 

478 

572 

187 

1,766 1 

498 

592 

167 

4. 101 

.20". 10 

b 6 0 0 1 1 11 g S t- 6 IB 

color 


3, 762 

2, 197 

620 

694 

251 

2,165 

652 

726 

2(9 

S. 130 

.02- .01 


1 [Rsn-Gsgs. 

1, 148 

681 

185 

214 

68 

675 ' 

191 

220 

62 

.986 

. 70- . 50 

A TlthArhicQ 

fAlal~Bb.. 

428 

241 

97 

71 

19 

246 ; 

92 

66 

24 

1. 795 

. 50" . 30 

..;^V liL ilwl 

! XAhtl-Gugs.. 

133 

75 

22 

28 

8 

75 

22 

28 

8 



Wjvvv 

jQq-Wxu'X. 

L 971 

1, 232 

322 

347 

70 

1,245 

309 

334 

83 

3. 225 

. 2(P . 10 

>> cixy- — 

\Bb-Wxu\t, 

1,971 

1, 224 

309 

355 

83 

1, 228 

305 

351 

87 

.296 

! . 90- . 80 

Virescent yellow- 

VoV2-'Bb.. 

1. 029 

630 

185 

161 

53 

626 

189 1 

165 

49 

.535 

.80- .70 

Tvrin-seeded 

Bb-Tsts.. 

188 

100 

1 

37 

35 

16 

1 

98 

39 

37 

14 

.538 

. 80- . 70 


1 71 = 2. 

2 Ratio expected, 12:3:1. 


Pericarp color — this term being used to exclude the brown resulting 
from the presence of both B and S (27 ) — ^was found to be independent 
of B by Vinall and Cron {29), Sieglinger { 24 , 25), and Swanson {27). 
In table 4, independent segregation of Bh and Rr is shown in two 
groups of data. ^ The first group contains the factors S8, and all 
phenotypes having nucellar layer present {B) are brown. A 12 
brown : 3 red : 1 white segregation is expected. In the second 
group phenotypes R and r were determined from stigma color, and 
the expected segregation is 9 BR ; 3 Bt‘ : Z hR : I hr. 

Likewise two groups of data are given with Rr and Qtf segregating. 
The first group show^s counts among the homozygous ss plants of a 
larger homozygous BB population with 9 QR : 3 Qr : 3 qR : 1 qr 
expected. In the second group R and r were determined from stigma 
color. The R factor appears to segregate independently with both 
B and Q. 

As previously mentioned, on the hypothesis of Rangaswanii 
Ayyangar et ah {20) these segregations involve the Ww (wiioleness of 
color) factors rather than the Rr factors. The separations at Chilli- 
cothe were made on the basis of presence or absence of color on ex- 
posed portions of the grain or in stigmas, and no critical study of 
seed color factors has been made. 
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The segTegatioii of awnless and awned lemnias apparently is inde- 
pendent of Qg and Bb. The P value for the observed segregation of 
Qq with Aa is low and on the border line of significant deviation froiii 
the expected, but the segregation of Bb with Aa is well within expec- 
tation, and there is no indication of linkage. Sieglinger (25) found no 
association in inlieritance of awns and niicellar layer. 

The symbols Rr, designated by Karper and Conner (6) to represent 
red seedling stem and the recessive allelomorph, green seedling stem, 
were used in several earlier papers to represent the factors for red and 
white seed. It is suggested, therefore, that Bsrs be used as symbols 
for red and green seedling stems. In the counts recorded in table 4 
the segregation of Rsrs with Bb deviates significantly from the ex- 
pected for independent inheritance. On the other hand, no signifi- 
caiit deviation occurs in the segregation of Rsrs with either Qg or 
Osgs, and in tlie chromosome group the latter two pairs are located on 
opposite sides from Bb. Considering all of the data, there seems to 
be no indication of linkage between Rsrs and the Q B Gs group. 

Segregation of the Qq and Bb factor pairs witii starchy and waxy 
endosperm indicates independent inheritance. Tabulations of glume 
color with endosperm and niicellar layer with endosperm were made 
from the same F 2 populations. U r and wx were determined from 
pollen tests. 

The F 2 population was small, but the available data indicate inde- 
pendent inheritance of the factors for twin-seeded spikelets and 
niicellar layer. Since no symbols for the factors for twin-seeded and 
single-seeded spikelets have been given previously, Ts and ts) respec- 
tively, are suggested. 

SUMMARY 

Other workers have reported three linkages in sorghum in which 
cross-over percentages have been determined. The plienotypes, fac- 
tor symbols, and cross-over percentages are as follows: Red or green 
seedling stems (Rsrs) and green or albino seedlings (UTe), 41.34 per- 
cent; starchy or waxy endosperm (Ugter) and green or lethal yellow 
seedlings (^ 2 ^ 2 )? 26.5 percent; and purple or brown leaf sheaths (Pp) 
and dry or juicy stalks {Dd)j 30 percent. 

This paper reports a sorghum linkage group of three pairs of genes 
studied in the coupling phase. The contrasting phenotypes are red- 
dish and blackish plant color, conspicuously shown in glumes; pres- 
ence and absence of niicellar layer; and normal green and green- 
striped plants. The factor pairs for the first two characters have been 
designated Q,q and Bb, respectively, by other authors, and symbols 
Gsgs are suggested for the third. Each of these factor pairs shows 
complete dominance in the Fj and simple 3:1 segregation in the F 2 . 
The indicated order of genes and cross-over percentages is Q (13.2) 
B (11.3) as. 

Independent inheritance, or cross-over values so high that linkage 
could not be demonstrated, was found for one or more members of the 
linkage group with each of the following pairs: Presence and absence 
of spreader (Ss); colored and white seed (Rr) ; awnless and awned 
lemnias (.da); dry and juicy stalks (Hi); red and green seedling stems 
(Rsrs); normal and antbeidess flowers (Jl/ai); starchy and waxy endo- 
sperms {Wxwx); green and virescent yellow seedlings (Tp^ro); atid 
twin-seeded and single-seeded spikelets {Tsts). 
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FURTHER INVESTIGATIONS OP BROWN-STAINING FUNGI 
ASSOCIATED WITH ENGRAVER BEETLES (SCOLYTUS) 
IN WHITE FIR ^ 

By Ernebt Wright 2 

Associate palhologtsi, of Forest Pathology, Bureau of Plant InduMry, 

United States Department of Agriculture 

INTRODUCTION 

In a previous paper {ISY the writer reported an apparently con- 
stant occurrence of a pronounced brown stain associated with egg 
galleries of Scolytus ventralis Lee. in white fir (Abies eoncolor Lindl. 
and Gord,). This stain was found to be caused by a fungus identified 
as Tfichosfyorium symhioticum Wright. 

A somewhat similar stain was later observed associated with the 
egg galleries of two other species of engraver beetles ^ Scolytus praeceps 
Lee. and S. subseaber Lee. This stain was a lighter brown and was 
usually less evident than tliat caused by Tric]ios%)orvum symbioticuin. 
Both stains are shallow and are confined to the current annual ring. 
The studies reported here were made to determine the cause of the 
lighter coloration, i. e., wliether it is due to somewhat different en- 
vironmental conditions occasioned by location or to another fungus. 

These investigations were confined to white fir in California, al- 
though red fir (Abies magnifica Murr.) and otlier western evergreens 
are also known to be infested with these engraver beetles (11), 

HABITS OF THE BEETLES 

A brief description of the habits of the different beetles appears 
desirable for a better understanding of the fungus associations. More 
complete information can be found in a recent publication by Struble 

The galleries of the three different species of Scolytus vary in size, 
extent, and design, and can therefore be readily distinguished. The 
egg galleries characteristically groove the inner barlv and adjacent 
sap wood. Scolytus ventralis egg galleries are confined to the cambial 
region of white fir trunks and generally occur where the diameter of 
the tree is more than 4 inches. It is not uncommon, however, for the 
tops of these same trees to be attacked by Scolytus praeceps. The 
egg galleries of the latter species are likewise found in the cambial 

1 Received for publication June ti, I93JS; issued December 1938. 

2 Parts of the studies reported herein were carried on in direct cooperation wirh the Division of Forest 
Insect Investigations, Bureau of Entomology and Plant Quarantine, U, S. Department of Agriculture, and 
it is a pleasure to acknowledge the assistance of members of that Division, particularly George R. Struble. 
Grateful acknowledgment is also made to Dr. Lee Bonar, of the botany department, University of Cali- 
fornia, for his aid in determining the identity of the staining fungus. 

3 Italic numbers in parentheses refer to Literature Cited, p. 772. 
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region, but usually where the diameter of the tree is less than 4 inches 
(fig. 1). Large limbs and sapling white firs are also infested by this 

beetle. The third species, S, 
subscaber, prefers gnarled and 
mistletoe-infected branches in 
which to establish broods. The 
larvae of all three species char- 
acteristicall}^ feed in the 
stained areas surroimding the 
egg galleries. S. ventralis is 
considered of major impor- 
tance and frequently causes 
the death of true firs. Infes- 
tations of S. pmeceps and S. 
subscaber, particularly the lat- 
ter, appear somewhat less im- 
portant. 

ISOLATION RESULTS 

Isolations were secured from 
stained wood and bark sur- 
rounding attacks of Scolytus 
praeceps and S. subscaber by 
cutting away surface contam- 
ination with a flamed scalpel. 
Individual pieces were then re- 
moved aseptically and placed 
on malt agar contained in 
Petri dishes. Transfers were 
made later into test-tube 
slants. Table 1 presents the 
results of these isolations. 

The data presented indicate 
a fairly consistent fungus asso- 
ciation . Trichosporium sym- 
bioticum was obtained in these 
isolations only when Scolytus 
ventralis galleries were present 
in areas adjacent to S. praeceps 
broods at points where the 
diameter of the tree ap- 
proached 4 inches. Here the 
galleries of the t'wo species of 
beetles sometimes in terming^^^^^ 
These brown stains apparently occur commonly only in association 
with the respective beetle galleries, 

yFructification of the Spicaria staining fimgiis occurs regularly 
within the beetle galleries in the form of small, whitish masses of 
spores. These spore aggregations can be readily mistaken for Tresh 
Scolytus beetle frass; The fungus isolated appears entirely diflerent 
in culture from Trktmporium symhwttcum macroscopically as well as 
microscopically. 



Figure 1.— Top section ^of an infested 
white fir tree with bark removed to show 
the stain associated with Scolyiiis prae- 
ceps galleries. (Approximately one-third 
actual size.) ' 
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Table 1. — Bimmiary of isolations from Scolytus praeceps and S. suhscaber attacks 
in white fir over a 3-year period 





Beetle 

attacks 

Isolations showing— 

Species of beetle and 
part of tree attacked 

Location of trees 

Trees 

from 

which 

cultures 

were 

made 

Specific 

fungus 

Other 

fungi 

No or- 
ganism 

Scolytus praeceps: 

inner bark and xy- 
lem. 

Do. 

Stanislaus National Forest 

Number 

4 

Number 

Number 

50 

Number 

4 

Number 

2 

Yosemite National Park 

1 

12 

10 

1 

1 

Inner bark 

Sierra National Forest- 

1 

\ 8 

8 

0 

0 




Total 


6 

1 76 

as 

5 

3 




ScolffOis subscaber: 

Xvlem 

Tahoe National Forest 

1 

I . 

12 

9 

1 

2 

Inner bark 

Sierra National Forest . 

' 1 

6 

4 

2 

0 






Total 


2 

18 

13 

3 

o 







IDENTITY OF STAINING FUNGUS AS SPICARIA ANOMALA 

TAXONOMY 

The stainmg fungus isolated has been classified as belonging to the 
Verticilliae. The writer considers it to be Spicaria anomala (Corda) 
Harz. In 1838 Corda {2, v. 2, p. IS, table 11, jig, 75) named the fungus 
Penicillium anomalum and illustrated it. He originally found the 
organism on splinters of coniferous wood near Prague. Harting (4) 
later created the genus Spicaria (1846). In 1871 Harz {5) transferred 
several of Corda’s species of Penicillium to the new genus and was the 
first to comment on the characteristic divergent spore chains . The 
fungus isolated in the present study does not appear to be the more 
commonly reported species, Spicaria elegans (Corda) Harz, since the 
upright conidiopliores are shorter and contain fewer septa. So far as 
the writer is aware, this appears to be the first published report on the 
occurrence of S. anomala in association with Scolytus praeceps and S, 
egg galleries. 

In designating this fungus Spicaria anomala, the writer desires to 
emphasize the fact that considerable variation was found in the num- 
ber of main branches that extend from the conidiophore stalks. In 
this respect the isolates from white fir appear atypical when compared 
with Coi'da’s illustrations. The variations are not considered 
sufiS-cient, however, to warrant the establishment of a new species or 
even a strain. 

MORPHOLOGICAL CHARACTERISTICS 

Spicaria anomala has already been adequately described, and only 
the important characteristics of the species will be given here as 
applying to isolates from white fir. Under the low power of a binocular 
microscope (20 X), the upright stalks with the accompanying chains 
of spores resemble miniature, white, bushy trees.^ Under higher 
power (40 X) the branches are seen to occur verticillately in threes 
around the conidiophore stalks wuth ultimate raniuli also generally 
in threes. The spores are borne in great profusion as single chains 
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from the apex of each ramulus. Individual spores are hyaline, ovate, 
and 5ju to 6/x in diameter. In potato-dextrose agar (pH 5.5) the 
submerged hyphae of S. anomala are plainly septate, and in old 
cultures (5 months) attain a maximum width of 5.5^, averaging 
approximately 3.0/i. x4.erial conidiophore stalks average about 3.5/i 
ill diameter, with branches occurring at a height of 20it to 40/x. The 
stalks are usually not more than five-septate. The total height of 
the conidiophores with chains attached is approximately ISOjtt (fig. 2). 



Figure 2.— -Diagrammatic drawings of Spicaria anomala (Corda) Harz grown on 
potato-dextrose agar (pH 5.5) . A, Mature and immature aerial conidiophores 
showing typical branching, septations, and ramuli formations with catenulate 
spores. Normally the branches are whorled verticillately around the conidio- 
phore stalks. jB, Details of conidiophore, illustrating the manner of spore 
attachment to the apex of each ramulus. 

Spicaria anomala formed white to cream-colored, zonate colonies 
and readily iiroduced conidiophores and chains of conidia on all the 
media on which it was grown (malt, potato-dextrose, corn-meal, and 
Czapek^s agars) (fig. 3). A brown coloration was imparted to the 
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medium, particularly to potato-dextrose agar, increasing in intensity 
with the age of the culture. Since the hyphae remained hyaline, the 
coloration of the agar probably was due to the break-down of certain 
nutrients. Coloration was less intense in the other agars used. It 
may be significant that Trichosjyorium symbioticum hyphae were 
colored brown most readily in malt agar and less readily in potato- 
dextrose agar. 

Microscopic examinations of sections of infected wood stained by 
the Cartwright method (1) showed the hyphae of Spicaria anomala 
in the tracheids and medullary ray cells. No conidiophore formation 
was seen, however, within the tracheids as reported for Trichosporium 
symbioticum, ^ The hyphae were very delicate as compared with those 
of other staining fungi, but were well distributed throughout the 



Figure 3. — A l4-day-old culture of Spicaria anomala growing at 22° C. on potato- 
dextrose agar, illustrating typical zonations. Three-fourths actual size. 


stained areas. They regularly entered the medullary rays and 
tracheids through the pits. They did not appear, however, to con- 
centrate in the ray parenchyma to the same extent as do the blue- 
staining fungi (Ceratostomella spp.). No method of differential 
staining that clearly showed the presence of the fungus hyphae in 
the phloem was found; therefore isolations proved the only reliable 
evidence of their presence in these tissues. 

SCOLYTUS BEETLES AS CARRIERS OF STAINING FUNGI 

To determine to what extent Scolytus praeceps adults carry Spicaria 
anomala^ a number of these beetles were collected as they emerged 
from infested logs contained in entomological cages They were 
dronned individually into separate Petri dishes containing lukewarm 
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agar, where they swam about vigorously until the agar solidified. 
Later the beetles were removed with sterile forceps, and the plates 
were incubated. The fungus colonies secured were identified micro- 
scopically, and it was found that 66 out of 75 plates contained the 
specific fungus S. aiumala. In six of the plates an overgrowth of 
molds retarded the growth of other fungi, while three of the plates 
remained sterile. Figure 4 shows colonies of S, anomala secured 



Figure 4. — Six Petri dish cultures secured from individual Scolytus praeceps 
beetles at time of emergence. The beetles were dropped into lukewarm agar, 
where they swam about vigorously until it solidified. 


directly from Scolytus praeceps beetles in the manner described above- 
Similar tests were not made with S. subscaber, since no adults could 
be obtained. 

The above-mentioned cultural isolations indicate that adult 
Scolytus praeceps beetles carry and regularly introduce Spicaria 
anomala into their egg galleries. Thus, they; actually inoculate the 
cambial region of infested trees, and by the time the larvae begin to 
feed the stain is well developed. No attempt was made to determine 
whether the beetles carried the fungus internally or externally. These 
results, together with the isolations secured from the stained inner 
bark and xylem, suggest that S. anomala is probably the predominant 
fungus associated with the beetles. Since Trichosporium has been 
previously shown to occur in association with S. ventralis, 
results, together with certain^ others obtained outside the present 
studies, suggest that the relationships are specific and not a matter 
of chance.'* Similar conclusions have also been advanced by investi- 
gators reporting on other fungi associated with different species of 
beetles. '(7, 

_ ^ In a preliminary investigation of brown-staining fungi associated with the egg galleries of beetles 

mfesUng Douglas fir (Pseudotsuga taxifoliu (Lath.) Britton), the writer secured a number of isolations of 
stained wo(^ surrounding Seolytm unispinosus Lee. broods. Spicaria sp. was 
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PATHOGENICITY TESTS 

A number of inoculation tests were made to detennine the pathoge- 
nicity of Spicaria anomala and to compare the rate of stain spread with 
that caused by Trichosporium syinhioticwm. 

By drilling horizontally between the bark and the wood with a 
‘% 2 -inch bit, it was possible to approximate the size and position of the 
beetle gallenies in white fir trunks. The inoculum, consisting of bits of 
mycelium in agar obtained from pure cultures of Spicaria anomala^ 
was inserted into the drill openings. Thus the fungus was placed in 
direct contact with the cambial region of the trees at diameters rang- 
ing from 4 to 9 inches. One hundred inoculations were made in the 
opposite side of the same standing white firs that had been previously 
inoculated with Trichosporium symbioticurn. 

All of the inoculations resulted in infection, and at the end of 7 or 
8 weeks the average visual longitudinal spread of the Spicaria stain 
in 10 different trees was found to be 3.5 mm per week. This was 
approximately one-half as fast as the spread of Trichosporium symbioti- 
cum stain in the same trees. Koch’s postulates were followed in a 
number of cases to prove more definitely that S', anomala causes a 
stain similar to that of T, symbioficum. A total of 100 checks made 
with sterile agar showed no stain development. It was also observed 
that S. anomala killed the cambium as the mycelium advanced, as 
was concluded for T. symbioticwni. Both fungi therefore appear to 
aid the beetles in killing infested trees or parts of trees. 

PHYSIOLOGICAL TESTS 

Since these studies indicate that the respective staining fungi are 
associated with certain species of Scolytus^ it is possible that physio- 
logical conditions in the different portions of the tree infested may in 
some manner favor the establishment of one fungus to the disadvantage 
of other organisms. Preliminary laboratory and field tests were made 
in an attempt to analyze some of the possible factors of the environ- 
ment. The tests were conducted on a comparative basis to determine 
the differences between the development of Spicaria anomala and 
Trichosporium symbioticum under conditions as similar as possible. 

EFFECT OF AERATION 

An anaerobic apparatus was employed in wliich pyrogallic acid 
and potassium hydroxide were used to exhaust the oxygen from a 
closed container in the usual manner (5). Three Petri dishes contain- 
ing malt agar inoculated with Spicaria anomala and three with 
Trichosporium symbioticum were placed on a shelf in this chamber. 
The covers were not removed from the dishes. After a lapse of 1 
week at room temperature (22^-25° C.), radial growth measurements 
were made. 

Under the conditions of these reduced aeration tests, the two species 
of fungi showed reduction in growth. The growth of S. anomala was 
less adversely affected than that of T. symbioticum, but the dift*erence 
did not appear significant. 

EFFECT OF TEMPERATURE 

Differences in temperature tolerance might also explain ^ to some 
extent the restricted occurrence of the stains in the respective parts 


766 


Journal of Agricultural Research 


Voi. 57, No. 10 


of the tree. In the present investigation it was not feasible to make 
seasonal measurements on the influence of bark thickness and color 
on the temperatui'e in the cambial region of white fir. ^ However, the 
effect of temperature on the growth of the respective fungi was 
compared in the laboratory on the same culture medium. 

A series of tests was run in which both organisms were grown on 
malt agar and subjected to constant temperatures^ of 5°, 15°, 25°, and 
30° C. The results indicate that Spicaria anomala is more restricted 
in temperature range than Trichosporium symbioticum. In no case 
did the growth of S. anomala equal that of T. symbioticum (fig. 5). 
Fluctuatmg temperatures of —15° to ^+26° C. also favored the 
growth of Trichosporium over that of Spicaria, 



0 5 10 15 20 25 30 

TEMPERATURE ( ® C.) 

Figure 5. — Eadial growth of Trichosporhim symbioticum and Spicaria anomala 
at different temperatures on malt agar for 1 week. (On the basis of measure- 
ments secured from triplicate plates subjected to the temperatures of 5°, 15° 
25°, and 30° C.) 

The lack of supporting field data makes it difficult to correlate 
these results with natural conditions. On the basis of these tests, 
however, the effect of temperature on the growth and development of 
the respective fungi does not appear to be significant. 

EFFECT OF ACIDITY 

The development of the respective fungi in solid media adjusted to 
different degrees of acidity showed that Trichosporium symbioticum 
makes optimum growth at pH 5.0 to 6.0, while Spicaria o.nomala 
grows best at pH 7.0. In all the acidity tests made, however, the 
radial growth of T. symbioticum always exceeded that of S. anomala, 

EFFECT OP MOISTURE 

Since moisture has been shown to influence the growth of blue- 
staining fungi by altering the oxygen content uf the wood (5), it 
seemed advisable to investigate the comparative growth rates of 
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Spicaria anomala and Trichosporium symhioticum under various mois- 
ture conditions. Tliis was done in the field in the following manner: 

Five living white firs were partly girdled by chopping a 2-inch- 
wide band into the 'wood on one side of the tree, thus stopping normal 
conduction of moisture on that side. In the same way, five other trees 
were completely girdled by chopping a similar band entirely around 
the trunk. Twenty drill inoculations were made in each tree, above 
the partial or complete girdles, S, anomala and T. symbioticum being 
used for 10 inociilations each. The respective inoculations were 
arranged in two vertical rows on the same side of the trunk. The 
inoculum, in each case consisting of a small piece of malt agar con- 
taining mycelium of the respective fungus, was inserted into the drill 
holes with sterile needles. 

After 2 months the development of the two stains was determined 
by removing the bark and measuring the average longitudinal spread 
* of each stain above and below the points of inoculation. 

To determine the amount of moisture present in the inoculated 
part of each tree, three samples were extracted from the unstained 
wood between the two vertical rows of inoculations by means of a 
1 1-inch arch punch.^ ^ One sample was obtained from the top, another 

midway, and the third at the bottom of the inoculated regions. In 
extracting the samples the arch punch was driven through the bark 
into the wood to a depth of several annual rings. The samples were 
removed witliin the circular blade of the arcli punch when it was 
withdrawn. Each sample was immediately wrapped in tin foil and 
placed in^ a screw-top container to prevent desiccation before the 
^ initial weighing could be made. The bark was removed, and each 

sample was trimmed at the time of weigHng to the thickness of the 
current annual ring, since, as previously stated, this is the depth of 
penetration of both stains. The wood cores were then dried at 100^ 
C. until a constant weight was obtained, and the percentage of mois- 
ture was calculated on the basis of dry weight. Moisture determina- 
tions were made at the time of inoculation and at the end of the tests. 

These tests indicated that the maximum visual spread of Trichos- 
porium symbioticum stain took place when the current annual ring 
contained approximately 165 percent moisture, while 155 percent 
appeared to be the optimum amount of moisture for Spicaria anomala. 
When the moisture was greater than 155 percent, S, anomala stain 
advanced less rapidly in longitudinal spread than did that of T, 

^ symbioticum. 

At the higher moisture contents, however, the brown coloration of 
Spicaria anomala stain was practically equal to that of Trichosporium 
symbioticum. This indicates that the lighter color in association 
with the Scolytus praeceps and S, subscaber galleries may be correlated 
directly with reduced moisture content of the infested parts. When 
the moisture was reduced to 120 percent, very little evidence of stain 
^ could be detected for either species. 

The moisture percentages given above are about the same as those 
reported to favor the development of blue-staining fungi in pine and 
spruce (6). Ordinary blue-staining fungi {Ceratostomella spp.) are 
uncommon, however, in true firs. 


* Au arch punch is a tool used in the leather trade, consisting of a hollow, circular, steel blade with a 
cutting edge over which a steel handle arches. 
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EFFECT OF NUTRITION 

To study the influence of nutrition on growth, the two fungi were 
introduced" into Petri dishes containing a starvation agar to which 
various carbohydrates or nitrogen sources had been added. The 
basic agar was made up as follows: 

Magnesium sulphate (MgS04.7H20)__ gram__ I. 0 

Monopotassium phosphate (KH2 PO4) do 1. 0 

Calcium sulphate (CaS04.2H20) do . 5 

Agar - do 20. 0 

Distilled water liteiN_ 1 

Eight ciirboliydrate and seven nitrogen sources were included in 
tliese tests. The results obtained front average measurements of the 
diameter of the colonies in triplicate trials for each compound tested 
are presented graphically in figure 6, 
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Figure 6-— Diagrammatic comparisons of the colony growth oi 8'picaria anomala 
mid Trichosforium mjmhiotimm oil vm nutrient agars at 25° C. on the 
basis of measurements from triplicate replications over a 10-day period. All 
media adjusted to pH 6.0. 
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It may be significant that Spicaria anomala made the best growth 
on the medium containing starch, and the next best growth on the 
media containing the intermediate hydrolysis sugars, dextrin and 
maltose. Eelatively poor growth was made on the glucose medium. 
On the other hand, Trichosporimn symhioticum grew very pooii}^ on 
starch, made only fair growth on dextrin, and made the best growth 
on the maltose medium. For both organisms, sporulation was most 
pronounced in the medium containing the pentose, xylose. 

These results indicate that the hydrolysis of polysaccharides is 
more necessary for good growth of Trichosporium symhioticiLm than 
of Spicaria anomala. Just how significant this might be is not known, 
since the condition of the trees, seasonal variations, time of infesta- 
tion, and many other factors may influence nutritional balances. 
These differences in the utilization of carbohydrates may partially 
explain how the two fungi can grow and intermingle in the same areas 
without direct nutritional competition at diameters of about 4 inches 
where sometimes both Scolytus ventralis and S. praeceps galleries 
occur. This might be appropriately termed the region of transition 
on the trunk, above and below which the respective stains are com- 
monly found alone. 

On all the media where there was appreciable grovrth, with the 
exception of the starch medium, the development of Trichosporium 
symhioticum has always exceeded that of Spicaria anomala. 

Spicaria anomala did not appear to utilize nitrogen as readily as did 
the Trichosporium. However, even for the latter fungus the inorganic 
forms of nitrogen were better. Little growth occurred in the media 
containing organic nitrogen, but of these the simplest amino acid, 
glycine, was most favorable. The carbohydrate-nitrogen ratio may 
also be of importance, although other cultui’al trials not presented 
here did not show significant differences in this regard. 

On the basis of these tests it appears that physiological conditions 
probably do not especially favor the establishment of one staining 
fungus over the other. Instead, it seems most likely that Spicaria 
anomala and Trichosporium symhioticum commonly occur in definite 
regions of the tree only because each fungus is transported there 
separately by the respective beetles. 

INFLUENCE OF THE FUNGI ON THE ENVIRONMENT 

It seems possible that Spicaria anomala and Trichosporimn symbio- 
ticum may have different influences on certain environmental factors 
that may favor particularly the respective beetle associations. Several 
investigators have already indicated independently that wood-staining 
fungi associated with various beetles may be definitely beneficial, 
since they create drier environmental conditions in which the larvae 
develop (7, 5, 13). To determine the effect of 8. anomala and TT. 
symhioticum on the moisture content of the respective stained regions, 
a series of tests was made as follows. 

Ten white firs 3 to 12 inches in diameter at breast height were 
selected, and four sets of inoculations were made in each tree. In 
each set a M-inch cork borer (1^) was employed to remove five bark 
disks arranged in double bands, one below the other, 2 inches apart. 
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Three boringSj one-lialf inch apart, were made in the top band with 
two in the lower band in alternation with those above. Mechanical 
girdling was thus avoided. Two sets of borings made on opposite 
sides of the tree were inoculated with Spicaria anomala and two with 
Tficliosporwm symbioticum. The inoculations^ were made by remov- 
ing each disk with the cork borer and inserting a bit of agar that 
contained the m 3 ^celiimi of the respective fungus, after which the disk 
was immediately replaced. When a band of inoculations was com- 
pleted, the disks were held in place and desiccation was prevented by 
covering them with adhesive tape. The inoculum in all cases came 
from pure cultures. 

Two weeks after these inoculations were made samples of the respec- 
tive stains, one from each set, were extracted between the inoculation 
bands by means of the arch punch previously described. ^ Duplicate 
samples of unstained wood were taken from between the inoculation 
sets. Moisture contents were determined on the basis of the average 
dry weights of stained and unstained duplicate samples. The green 
weights of the samples were obtained immediately after extraction to 
eliminate variations due to air drying. The samples were finally dried 
at 100° C. until a constant weight wus reached. The average weights 
and the percentages of moisture in the samples are given in table 2. 


Table 2. — Moisture content of stained and unstained white fir wood 2 weeks after 
inocidation {current annual ring only) 


Diameter breast high 
(inches) 

Unstained wood 

PrMosporafTn-stained 

wood 

>Spfcan'a-stained 
j wood 

Wet 

weight 

Dry 

weight 

Mois- 
ture 1 

Wet 

weight 

Dry 

weight 

Mois- 
ture 1 

Wet 

weight 

Dry 

weight 

Mois- 
ture 1 


Grams 

Grams 

Percent 

Grams 

Grams 

Percent 

Grams 

Grams 

Percent 

3.., 

0.757 

0. 490 

54 

0.945 

0.607 

56 

0.922 

0. 601 

53 

4...., 

.902 

,571 

58 1 

.654 

.456 

43 

.735 

,522 

41 

4.. - - 

.982 

.512 

92 

.601 i 

.398 

51 

.730 

.499 

46 

5 - ■ 

1.072 

.445 

141 

1.076 

.513 

109 

.833 

.496 

68 

5 

1.305 

.519 

151 

.871 

.428 

104 

.873 

.468 

87 

6 - 

1.325 

.476 

178 

1.129 

.564 

100 

1.127 

.678 

66 

9 - 

1.341 

.518 

159 

.857 

.468 

83 

.856 

.590 

45 

10« 

1. 157 

.459 

152 

1. 048 

.529 

98 

.819 

.524 

56 

11 - 

1.642 

1 .527 

211 

t .910 

.442 

106 

.926 

.515 

1 80 

12 

1.738 

.565 

208 

1.324 

.613 

116 

1. 158 

.621 

86 

Average 

; 1.222 

.508 

140 

.941 

.502 

86 

.898 

.551 

63 


I Percentage of moisture based on dry weight. 


It should be noted that wood stained by Trichosporium sym- 
Moticum contained only three-fifths, and the Spicaria-stsbiiied wood 
less than half of the moisture found in unstained wood of the same 
trees. Unstained wood of white firs 4 inches and less in diameter, 
the size at which Scolytus praeceps infestations most commonly occur, 
had the relatively low average moisture content of 68 percent. Even 
in these trees the Spicaria stain reduced the amount of moisture 
nearly one-third. The wood of trees greater than 4 inches in diameter, 
similar in size to those attacked by Scolytus ventralisj lost two-fifths 
of its moisture when stained by the Trichosporium fungus associated 
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witli this beetle. In all trees, however, the Trichosporium stain 
dried the wood less than the Spicaria stain. 

These differences in the amount of moisture present in the wood 
stained by the two fungi suggested that the respective beetle broods 
may have different moisture requirements. The larvae of Scolytus 
praeceps appear to require less moisture for development than do 
those of S. ventralis. Each fungus may therefore serve to maintain 
a favorable moisture balance in infested areas for the broods of asso- 
ciated beetles. 

DISCUSSION 

The inoculations reported above demonstrate that both Trichos- 
porimn symbioticum and Spicaria anomala can develop in white firs 
up to 13 inches in diameter. Since neither fungus is apparently re- 
stricted b}^ the size of the tree and physiological tests did not reveal 
any outstanding inhibitions, the inference may be drawn that the 
respective fungi are confined naturally to separate parts of the tree 
only because they are introduced there by specific beetles. Isolation 
results showing that the different species of Scolytus adults regularly 
carry only one staining fungus support this inference. 

’ The association of the stains with respective beetle broods therefore 

may be of benefit in several ways. Trichosporium symbioticum hills 
the cambium in advance of the development of Scolytus ventralis 
larvae, as was first observed by Struble (11), Field observations and 
cultural results reported here indicate that Spicaria anomala in a 
similar way precedes the galleries of Scolytus praeceps and S, subscaber. 
Thus a barrier is provided against the inflow of resin, which might 
otherwise drown out the broods. This may be of vital importance to 
the beetles in another respect, since Struble has also observed that 
white fir resin acts both as a repellent and a toxin to S. ventralis adults. 
Whether the resin has a similar effect on the larvae is not known, but 
the restriction of resin flow at the time the beetles emerge may be of 
the utmost importance. The drying of the wood can also influence 
the environment for the respective beetle brood by correspondingly 
altering the oxygen content and reducing heat and cold conduction. 

^ It appears from these tests that the presence of the commonly asso- 
ciated fungus that causes the staining of the wood adjoining the egg 
j galleries may well be indispensable to the development of the brood. 

I This has not yet been positively demonstrated by direct experimenta- 

, tion. Likewise, the optimal and limiting factors for brood develop- 

ment and food supply are as yet undetermined. The tests completed, 
however, suggest a beneficial relationship between the beetles and 
^ definite staining fungi. 

SUMMARY 

Three species of scolytid beetles commonly infest white fir (Abies 
♦ concolor)j namely, Scolytus ventralis , S, praeceps , and >5. subscaber. 

The galleries of these beetles are confined to the cambial region, but 
are characteristically formed in the base, the top, and the branches 
of the tree respectively. 

Brown discolorations have been frequently observed to be regularly 
i associated with the galleries, appearing somewhat less pronounced 

I with those of iS. and iS. 
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Isolations from tlie stained bark and adjacent sap wood indicate 
that two different fungi cause the^ stains.^ Isolations from newty 
emerged beetles further suggest definite specificity. The fungus most 
comiiioiily associated with Scolytus praeceps and S. subscaber has been 
identified'^ as Spiearia wriomala^ while Trichosporium symbioticum 
causes a darker discoloration and has been shown previously to be 
constantly associated with Scolytus ventralis. 

Inoculations have demonstrated that both Spiearia anomala and 
T. symbioticum are pathogenic stains that kill the cambium as they 
advance. In this way they may aid the beetles in overcoming in- 
fested trees. 

The respective fungi appear to have a definite influence on the im- 
mediate environment. It was found that S. anomala reduced the 
moisture content of the stained wood to a greater extent than did 
T. syryibioticwyi, which in turn reduced the moisture on an average to 
three-fifths of that of unstained wood. 

Physiological studies showed some differences between the two 
staining fungi, but these do not seem significant. It appears most 
likely that the respective fungi occur in definite regions of the tree 
beca/iise they are introduced into the egg galleries by the different 
Scolytus beetles. 

On the basis of the evidence secured, the association of the brown- 
staining fungi with the respective beetles may well be of definite aid 
in the successful establishment and maintenance of individual beetle 
broods. 
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COMPLETE OR PARTIAL INHIBITION OF FLOWERING IN 
CERTAIN PLANTS WHEN DAYS ARE TOO SHORT OR TOO 
LONG' 

By H. A. Allabd 

Senior physiologist, Division of Tobacco and Plant Nutrition, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

On the basis of their flowering behavior as related to or dependent 
upon length of day, it has long been recognized that plants may be 
grouped into three classes — the long-day plants, the short-day plants, 
and indeterminate plants, i. e., those insensitive to length of day. 
The long-day plants are induced to flower or flower more quickly as 
the days are lengthened and the short-day plants as the days are 
shortened; the indeterminate plants have been so called because their 
usual flowering appears to be little related to any particular length of 
day in the natural terrestrial arrangement. 

Typical long-day, short-day, and indeterminate plants have been 
found in abundance. Further studies of the behavior of different 
plants in relation to length of day have shown that still other plants 
exist that flower within a definite range of length of day, producing 
flowers less readily or becoming strictly vegetative when the days are 
either sufiiciently shortened on the one hand or sujfficiently lengthened 
on the other. Since the flowering behavior of these plants in relation 
to length of day is so distinctive, they have been termed “intermediate” 
to distinguish them from the long-day, the short-day, and the inde- 
terminate plants. 

Eelatively few plants showing intermediate flowering behavior 
have been found. Climbing hempweed (Mikania scandens (L.) 
Willd.) appears to be a typical example of this class, and several other 
wild plants, mcluding the native wild bean {Phaseolus polystachyus 
(L.) BSP.) and the wild boneset (Eupatorium torreyam^um Short.), 
likewise show more or less definite tendencies toward the same be- 
havior. A variety of tropical sugarcane (28 N. G. 292) of the species 
Saccharum spontamum L. gives evidence of having the sharpest and 
narrowest flowering range of any plant yet found in this group. 

METHODS 

In the tests where the entire plant was subjected to the treatment, 
constant daily light periods of 10, 12, 12K, 13, 13K, 14, 14K, 16, and 18 
hours were used. The behavior of the plants in response to the full 
length of day is taken as the normal seasonal behavior. In those tests 
with light periods shorter than 16 hours, i. e., from 10 to 14^ hours, 
inclusive, the plants were kept in large well-ventilated lightproof 
houses to exclude daylight. The containers with the plants remained 
upon movable trucks running on tracks and were moved into the day- 
light on fixed schedules each morning and evening to secure the proper 

I Received for publication June 20, 1938; issued December 1938. 
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dayliglit periods. In all tests involving light periods shorter than the 
maxiiniim length of the summer day in the latitude of Washington, 
which is about 15 hours, the light source was natural daylight. How- 
ever, in those tests requiring 16 and 18 hours of light, respectively, 
each day, it was necessary to make use of artificial light from sunset. 
This supplemental light in each test was obtained from four 200-watt 
incandescent bulbs with reflectors kept at a distance of 1 foot above 
the plants. In all tests the plants were grown in large galvanized-iron 
buckets of 14-quart capacity. 

EXPERIMENTAL RESULTS 

CLIMBING HEMPWEED 

Cliinbhig hempweed (Mikania scandens)^ is a perennial usually found 
in low-ground thickets and is distinctive in being the only species of 
climbing composite in the Washington region. The slender herbaceous 
stems die to the ground each autumn, leaving matted rootstocks 
from which new and vigorous shoots arise each year as soon as spring 
opens. The flowers also produce seed in abundance, and these tiny 
propagules, furnished with a haiiy pappus, are readily carried away by 
the winds to establish new plants elsewhere in damp thickets. 

Studies were made both with seedlings and with root divisions from 
a single large rootstock, and the behavior of the plants from these two 
sources will be presented. 

Behavior of Seedlings 

Seed of Mikama scandens was sown October 5, 1936, in a flat that 
was kept out of doors until December 7, 1936. The flat was then 
brought into a cool greenhouse ranging in temperature from 50° to 
55° F. Germination took place January 1, 1937, and the small seed- 
lings were pricked off into thumb pots March 3, 1937. Young, 
vigorous plants having an average height of about 3 inches were 
transferred to buckets, two in each container. May 18, 1937. On 
tliis date the tests in which only natural daylight was used began, 
while the tests of 16 and 18 hours, requiring supplemental artificial 
light, began April 22. The flowering behavior for the various constant 
daily light periods is shown in table 1. 


Table 1. —Flowering hekavior of seedlings of Mikania scandens exposed to various 
constant daily light periods 


Daily light period (hours) 

Date of 
budding 

Date of 
blooming 

Height 
of stem 

Remarks 

10, 

June 18 
June 5 
June 10 
June 9 
...do 

July 9 
June 28 
...do.-... 
do 

Inches 

4 

50 

50 

50 

50 

50 

50 

50 

Very few flowers. 

Few flowers and flowering soon ceased. 
Many flowers. 

Do. 

Do. 

Do. 

Do. 

1 or 2 flower clusters only. 

Many flowers. 

12 ^ 

12L1 

KL 

w 

...do 

14 ..... 

June 11 
June 8 
Aug, 19 

June 26 
June 28 
Sept. 18 

i-r^ 

16 

18 .. ...... 

Full day.. ............. ........... 

June 22 

Aug, 10 

50 



i Plants failed to bud at this day length. 
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Behavior op Rootstock Divisions 

Divisions from a single rootstock of Mikama sccmdens were potted 
in 3-incli pots in the cool greenhouse October 26, 1936. Shoots were 
starting January 21, 1937. These divisions were transferred to 
buckets, and the tests began May 18, 1937, when the plants were about 
30 inches in height. The results are given in table 2. 


Table 2 . — Flotvering behavior of rootstock divisions of Mikania scandens exposed 
to various constant daily light periods 


Daily light period (hours) 

Date of 
budding 

Date of 
blooming 

Height 
of stem 

Remarks 

10 

June 30 

July 24 
July 6 
July 2 
June 28 

Inches 

50 

Four flower clusters only. 

Few flowers. 

12 

June 7 

50 

12^2 

June 11 

50 

Do. 

13 

June 8 

50 

Sparse flowering. * 

Good flowering. 

Do. 

1334 

June 7 

June 25 

50 

14. r 

June 12 

June 28 

50 

14H 

June 7 

„_do 

50 

Do. 

16 1 


IS I 





Puli day 

June 21 

July 5 

50 

Good flowering. 



1 Plants failed to bud at this day length. 


The plants derived from rootstock divisions produced very few 
flowers on lengths of day of 10, 12, and 12K hours. ^ Flowering soon 
ceased, and the plants maintained a purely vegetative condition but 
were less inclined to become scrambling twiners than those that 
experienced longer light periods. 

Localization Tests 

Rootstock cuttings of one plant of Mikania scandens were made and 
placed in 3-inch pots October 26, 1936, in the cool greenhouse. These 
were starting growth January 21, 1937. In April the main stem was 
cut back to a node within a few inches of the ground in order to stimu- 
late new branches from this node. The plants were transferred to 
buckets, and the tests began May 29 (fig. 1). 

The cases used in these tests were so constructed that a branch con- 
ducted inside the case from the plant in the bucket placed just outside 
was completely excluded from light when the sides of the case were 
fastened in position. The inside branch was given 10 hours of light 
each day, i. e., from 6 a. m. to 4 p. m., while an opposite branch from 
the same node was exposed to the full length of day. Two tests were 
made. In one the bucket was placed inside the case, with one branch 
remaining inside and an opposite branch conducted outside; in the 
other the bucket was placed outside the case, with one branch remain- 
ing outside and an opposite branch conducted inside the case. 

In the test with the bucket inside the case, the length of the inside 
branch was 15 inches and that of the outside branch 16 inches, when 
the test began. The inside branch, given 10 hours of daylight each 
day, produced buds June 17 and open flowers July 12 at a length of 
40 inches. A single flower cluster appeared, and no further flowering 
took place, the branch otherwise remaining in a vegetative condition 
all summer. The stem exposed to the full length of day produced 
buds Jxme 15 and open flowers July 8. This branch was very flo- 
riferous throughout the summer. 
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FidURfe 1. — 'Climbing hempweed (Mikania scandens) in localization tests begun 
May 29. Portions of the plants inside the case received 10 hours of daylight 
each day, those outside experienced the full day. plant with rooted portion 
outside under the full length of day, and one branch inside. The outside 
branch showed visible buds June 17 and flowered July 8, the flowers appearing 
in great abundance. The inside branch never budded visibly. B, Plant with 
rooted portion inside the case, and one branch outside under the full length of 
day. The inside branch produced one flower cluster only, July 12, then ceased. 
The outside branch produced buds June 15 and open flowers July 8,* very 
floriferous throughout summer. , These plants were grown from divided crowns. 
Photographed August 13* 
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In tile test with the bucket outside the case, the length of the outside 
branch was 24 inches and that of the inside branch 13 inches, when the 
test began. The inside stem, experiencing a 10-hour day, never 
budded; the outside stem, receiving full daylight, showed buds June 
17 and open flowers July 8, at 50 inches. 

Ill both localization tests, the branch receiving only 10 hours of 
daylight either failed to flower entirely or produced a single cluster of 
flovrers only, showing that this length of day is very unfavorable to 
flowering. 

WILD KIDNEY BEAN 

The wild kidne}^ bean {Pha.seolm polystachyus), a native woodland 
plant, is the only representative of the genus in the Washington region. 
It is a scrambling twiner in the woodlands and copses wdiich it frequents, 
and it flowers in July and August. The stems are herbaceous and die 
back to the perennial crowns each autumn. This interesting bean is a 
casual constituent of the flora in some situations of the upper Pied- 
mont, as on the slopes of Bull Eun Mountain and Big Cobbler, but its 
occurrence is usually restricted and only a careful canvass of the wood- 
land undergrowth where it occurs will reveal its presence. 

Behavior as Affected by Short Winter Days 

The wild bean is very adversely affected by short days of 12)2 hours 
or less. During the autumn of 1936 several hundred plants were 
grown in the greenhouse from seed that was sown October 4 and germi- 
nated October 26. These seedlings were transferred to 6-inch pots 
November 2, when about 3 inches tall. The young plants soon ceased 
to grow following the exhaustion of the reserves in the cotyledons. 

The foliage on these plants consisted of a pair of simple opposite 
leaves above the cotyledons, succeeded by a small compound leaf with 
the usual three leaflets. These leaves were small, thick, crinkled, 
dark green in color, and never had the appeaiTxnce of the thin healthy 
foliage of the summertime. Plants were grown in both cool (50° to 
55° F.) and waim (75° to 80°) temperatures, but in neither condition 
did they show^ any tiling but the dwarfed and sickly growth described. 

Although the plants are vigorous climbers in response To long sum- 
mer days, the winter-grown plants gave no hint of elongating stems or 
twining habit. The plants soon passed into a state of dormancy, 
followed b}^ loss of foliage, thickening of the stems, and finally death in 
many instances. It was obvious that the short winter days almost 
entirely inhibited growth in these plants, which in summertime are 
accustomed to become much-branched high-climbing vines. 

Weak light from a 200-watt mazda bulb with reflector was supplied 
to a number of these plants from sunset till midnight throughout the 
winter. The plants quickly responded, becoming leafy twiners, but 
there was no indication of flowering throughout the winter, perhaps 
because the light periods, near 16 hours or more in length, were too 
long. It was evident that a very slight dosage of weak electric light at 
the end of the natural day sufficed to give the unhealthy winter plants 
a new lease on life so far as growth and twining were concerned. 

Behavior in Response to Different Light Periods in Summertime 

Seed of the wild bean were sown March 23, 1937. These germinated 
April 8 and were transferred to 3-inch “pots April 23, and to buckets 
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May 17, with two plants in each; two buckets were included in each 
test. At this time the average height of the plants was 2)i to 3 inches. 
Two series of tests were run, one beginning May 17 and another June 
4, but the results were similar. The following results with the different 
constant light periods were secured in the tests of June 4. 

10 hours: None budded, and no twining stems were produced; height 4 inches. 

12 hours: One blossom July 12 on one plant; no twining stems; height 4 inches. 

12;4 hours: One plant flowered July 27 and one August 11; two did not flower; 

slight twining; height 3 to 4 inches. 

13 hours: Three plants flowered sparselj^, July 16, July 24, and August 6 re- 
spectively; one never flowered; a few short runners produced; height 7 to 16 inches. 

13 } 2 hours: Three plants flowered June 23, two July 19, one July 21; runners 
short, the plants tending to remain bushy; height 22 to 36 inches. 

14 hours: Two plants flowered July 8 and one July 27; twining habit strongly 
developed and plants very floriferous; height 30 to 40 inches. 

14}4 hours: Two plants flowered July 7 and two July 10; strong twining habit 
and very floriferous; height 35 to 48 inches. 

Full day: Plants flowered August 15; strong twining habit and very floriferous; 
height 40 to 64 inches. 

16 hours: Flowered August 16; strong twining habit, but sparse flowering; 
height 50 inches. 

18 hours: Flowered October 1 at 50 inches; strong twining habit, but only a 
few closed flowers. 

Localization Tests 

Seed of the wild bean were sown March 23, and germination was 
evident April 8. The tiny plants were transferred to 3-inch pots 
April 23, and to buckets June 4, The tests began June 9, the bucket 
being kept inside the case (fig. 2). These plants were made to 
produce lateral branches by cutting back the main stem in April. 
When the tests began, the inside stem, receiving 10 hours of daylight 
each day, i. e., from 6 a. m. to 4 p. m., was 5 inches in height, and the 
outside stem, experiencing the full day, was 1 inch in height. 

The inside stem remained very short, producing small, dark-green 
leafage, as in wintertime, and never budded. This portion of the plant 
was only 6 inches high on August 18. 

The outside branch, receiving full daylight, produced buds July 21, 
and flowers August 2, at 60 inches. The plant was very floriferous 
until autumn. 

BONESET 

Boneset (Eupatorium torreyanum) is a native perennial composite 
of the Washington region, the herbaceous stems dying back to the 
rootstock each autumn. A clump was divided October 1, 1936, and 
the divisions were transplanted into buckets to remain out of doors 
throughout the winter. The various tests with these began March 29, 
1937. The results were as follows: 

10 hours: No buds formed; 14 sterile leafy stems, the tallest 25 inches; stems 
very lax, tending to bend over, 

12 hours: 11 stems, none flowering; height 28 inches; stems weak, lax, arching 
toward the ground. 

12)'4 hours: 9 stems, one flowering August 4 at 40 inches; stems very lax, 
arching. 

13 hours: 13 stems, all flowering July 7 at SO inches; stems very lax, arching. 

13 J4 hours: Many stems, all flowering July 10 at 36 inches; stems more stiff. 

upright, but less erect than the controls. 

14 hours: Many stems, all flowering July 27 at 35 inches; stems less erect than 
controls..." 

14K hours: Many stems, all flowering August 4 at 33 inches; stems strictly 
erect.' 

Full day : Many stems, all flowering August 18 at 38 inches, with broad corym- 
bose heads and erect stems. 
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Figure 2. — Wild kidney hesLii (Pkaseolus polystmhyus) (B) in localization tests 
begun June 9. Inside portion in bucket received 10 hours of daylight each 
day, i. e., from 6 a. m, to 4 p. m. The branch inside grew but little beyond the 
original height, 5 inches, at the time the tests began, and finally died in late 
summer. The branch conducted outside, which received the full day, grew with 
great vigor, buds being visible on July 21 and open flowers on August 2. This 
branch was very floriferous, as shown by the pods developed. Photographed 
August 31. (The plant shown in A had no connection with the investigation 
reported here.) 
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SUGARCANE 

Regulation and timely control of flowering is a matter of great 
importance in the breeding of sugarcane. Many varieties have shown 
tendencies to be very irregular in their flowering habits. In order to 
obtain a better laiowledge of the relationship of flowering of some of 
the sugarcanes to length of day, the Division of Sugar Plant Investiga- 
tions of the Bureau of Plant Industry arranged tests with a number of 
their varieties, making use of the large lightproof houses and equipment 
of the DiMsion of Tobacco and Plant Nutrition.^ Table 3 shows the 
growth and flowering behavior of the variety 28 N. G. 292, a form of 
the species Saccharum spontaneum found growing vdld in_N ew Guinea 
by E. W. Brandes, of the Division of Sugar Plant Investigations. 

Stalk cuttings of this variety were made in October 1936 and were 
transferred first to 4-inch and then to 6-inch pots and finally to buckets. 
The tests were begun about Ma}’- 1. 


Table 3.' — Aperage length and mimher of stalks 'produced hy the variety of sugarcane 
iSS X. G. 292 {Saccharum spontaneuni) in response to different light periods 


Daily light 
period (hour.^) 

Average 
length 
of stalk 

Average 

stalks 

Daily light 
period (hours) 

Average 
length 
of stalk 

Average 

stalks 

Daily light 
period (hours) 

Average 
lengtli 
of stalk 

Average 

stalks 

10 

‘ I'nches 
3(i. 0 
2G. 0 

1 41.7 

Number 

14.7 
13.4 

12.7 

14 

Inches 

45.2 

30.7 

Number 
10. 0 
8.3 

16 

Inches 

37. 5 

41. 5 

Number 

12.0 

12.0 

12 ! 

Full day 

IS—- 

_1 



i 


1 Floii'er buds present. 


An examination of the stalks revealed the presence of yoimg, 
developing flowers in response to the 13 -hour day only. From the 
number of stalks shown it would appear that the shorter lengths of 
day, represented b}-" 10 hours and 12 hours of light each day, favored a 
more active vegetative condition than the 13- or 14-hour day. It 
would appear that the additional light from sunset has had little effect 
upon the behavior of the plants. 

It is evident that this sugarcane has showm a very striking behavior, 
which places it iii the intermediate class. This behavior is especially 
interesting since it shows an exceedingly narrow range of flowering, 
lying somewhere between 12 and 14 hours. 

DISCUSSION 

It is obvious that Mikania scandens finds conditions most favorable 
for flowering when the days are neither too short nor too long, or 
within a range of 12 or 12^ hours to 15 or 16 hours (figs. 3 and 4). 

On the basis of its length-of-day behavior, the prediction could 
have been made that the northern limits of its range would be found 
somewhere within the latitudes of New England. As a matter of 
fact its range actually extends from southern Maine to Florida and 
Texas. It is probable that interactions between lowered tempera- 
tures, short summers, and the unfavorable influence of very long days 
help to define the northern limits of distribution of this plant. Length 

^ 2 This work was under the immediate supervision of George B. Sartoris, of the Division of Sugar Plant 
Investigations, who has very kindly submitted the data for table 3. 



Figure 3.-— Climbing hempweed {Mikania scandem) grown with indicated length 
of day and with full natural length of day (control, C). Plants in C flowered 
August 5, producing flowers in profusion, as is their normal habit. Plants 
receiving supplemental electric light to afford 16 hours of light produced a few 
flowers September 18; the plants receiving 18 hours of light never budded. 


The summative effects of these factors must make successful flower- 
ing and seed production before frost a hazardous event for the species 
near its northern limits. 

On the basis of its length-of-day behavior with respect to the lower 
limits of flowering, its southern distribution should depend entirely 
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of day alone, as it approaches the critical near 16 hours, retards the 
appearance of flowers about 5 weeks, and it is obvious that further 
delay can be expected where much cooler and shorter summers prevail. 
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upon length of day, for unfavorable low temperature is not a factor 
and the summer season is greatly extended toward the Tropics. All 
evidence at hand indicates that in its present genetic state the species 
is not aclapted to the shortened days of a tropical habitat, since 
flowering becomes sparse and uncertain when the days are shortened 
much below 12 to 12% hours. 

The behavior of the plants grown from seed has been somewhat 
different from plants deiived from old, established crowns. The former 
did not appear to be affected by the shortened days until a constant 
length of day between 12)4 and 12 hours was reached; the latter when 
the length of day had fallen somewhere between 13K and 13 hours. 



Fiottee 4. — Climbing hemp weed (Mikania scan dens) . General growth behavior 
of plants with the various periods of natural daylight indicated on the buckets. 
C received the full daylight, serving as a control. Plants receiving 10 hours of 
daylight daily flowered July 24, producing only four flower clusters. The 12- 
hour plants, flowering July 6, the 12H-hour plants, flowering July 2, and the 
13-hour plants, flowering June 28, all flowered sparsely, indicating unfavorable 
conditions. Copious flowering was shown when the plants received 13)^ 14, 
and 14)4 hours of light each day; flowering taking place June 25 for the 13)4-hour 
plants and June 28 for the 14- and 14H-hour plants. The plants (C) receiving 
the full day flowered July 14, with copious flowering into September. These 
plants were grown from crown divisions. 

The seedlings, likewise, have shown a greater tendency to flower on 
the higher lengths of day, since there was slight flowering in response 
to 16 hours of light, whereas the plants developed from rootstocks 
show^ed no tendency to flower on the 16-hour light period. 

Until a careful analysis of the genetic behavior of the species through- 
out its range has been determined with respect to its responses to 
length of day, one cannot, of course, be sure that plants near the 
northern limits of distribution are identical in their day-length re- 
sponses with tlmse found in Florida or elsewhere in its range. 

The wild kidney bean (Phaseolus polystachyus), like Mikania 
scandens, flowers best with an intermediate range of day lengths. 
Days that are too short or too long are very unfavorable to flowering 
and may even inhibit it entirely. The normal twining habit of the 
wild bean is entirely dependent upon length of day. The plants show 
little or no inclination toward the production of elongate branches or 
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the twilling habit until a length of day between 13)2 and 14 hours is 
experienced, and until the twining habit vigorously asserts itself few 
flowers are produced. 

Vigorous flowering is not strictly correlated with the twining habit, 
however, smce an excessively long day again tends to inhibit flowering, 
in comparison with the full length of day, as shown by the daily light 
periods of 16 and 18 hours. 

On lengths of day shorter than 12)2 hours the plants were of the 
dwarfed sterile winter type, with rather thick, dark-green rugose 
leaves and short stems (figs. 5 and 6). They barely survived the 



Figure 5. — Wild kidney bean (Phaseolus polystachyus ) . General growth behavior 
of plants under the various periods of daylight indicated on the buckets. C repre- 
sents the full length of day. Plants receiving 10 hours of daylight never 
flowered. One flower appeared on the plants given 12 hours of light each day. 
Flowering was more evident with 13 hours of light, but some of the blossoms 
remained cleistogamie. Plants did not develop the twining habit until 13Jf 
hours of light daily were experienced, but remained low, bushy, and dark green. 
Copious flowering was the rule with all light periods, including and above 13M 
hours. Flowering took place on the 12)^-, 13-, and 13K-hour periods from July 24 
to July 28; on the 14- and 14J4“hour periods, from July 6 to July 10. The 
controls (C) did not flower until August 14. 

summer, and were virtually in a state of vegetative dormancy for many 
} months. On those shorter lengths of day near the lower critical 

length of day for flow^ering, i. e., 12K hours, an interesting response 
asserted itself, characterized by the production of exceptionally large 
flowers and pods. It is evident that under these extreme conditions 
leading to an almost complete suppression of twining branches, the 
few flowers and pods produced were assured a superabundance of 
available reserve material, since none of it was diverted to the support 
of rapidly elongating stems. 

The natural distribution of the wild kidney bean from Connecticut 
to Florida is in agreement with its day-length responses and limitations 
as revealed in the tests. Its inability to flower on the shorter lengths 
of day and its sparse and delayed flowering when the days are con- 
i' siderably lengthened would preclude a successful invasion into tropical 

latitudes on the one hand or a far northern distribution on the other, if 
it is assumed that the genetic constitution is like that which the tests 
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revealed. The plant probably finds its best adaptation near the 
middle ground of its range, rather than at the critical extremes where 
conditions are always more hazardous for any species. 

The most striking features of the behavior of Eupatorium torreyanum 
are the development of sterile stems on lengths of day of 12}i hours or 



Figure 6. — Wild kidney bean {Phaseolus polystachijiis) grown under lengths of 
day indicated. Plants receiving 12 hours of light daily never flowered. One of 
the plants receiving 12}4 hours of light flowered July 27; the second never 
budded. The plants were practically bushy in habit of growth except for one 
short runner, and produced exceptionally large beans for the species, some of 
the pods measuring 5.8 cm in length from the tip of the beak to the calyx, with 
a maximum width of 11 mm. The wild bean makes little growth and can neither 
twine nor flower when the days are much below 12}^ hours in length. 

less and the development of very weak, lax, or arching stems until 
the longest light periods have been reached. The shortest day 
lengths have strictly inhibited flowering. The 12}^-hoiir day, which 
appears to be near the critical length for the initiation of flowering as 
the days are lengthened, greatly delayed flowering as compared with 
the most favorable day lengths of 13 to 13 K hours (fig. 7). It is 
obvious that at the higher lengths of day, near 14 hours, flowering is 
again very noticeably delayed. From the data at hand it would 
appear that this boneset is not adapted to the extremely long days of 
northern latitudes nor to the extremel;^ short days of tropical regions, 
and its natural distribution conforms with these limitations of its day- 
length behavior, ranging as it does from Pennsylvania to Florida and 
Texas.: 

INTERMEDIATE BEHAVIOR AND THE ADAPTATION OP PLANTS 

The permanent colonization of plants, whether natural or through 
human agency/ depends upon the inherent adaptive powers of the 
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species. Since lengtli of day^ has been shown to be a verj potent 
factor in the control of flowermg, it is obvious that the length-of-day 
responses play a very important part in permanent colonization in any 
region. The position of the critical length of day for fioweriiig and its 
sharpness or naiTowness may very definitely determine in vdiat lati- 
tudes a plant will survive and produce seed before frost. Short-day 
plants are adapted to distribution in lower latitudes^ while long-day 
plants rec|uire the long summer days of higher latitudes. Just how 
far north short-day plants can succeed depends upon how far into the 
long-day region the critical length of day is extended, and just how 
far south long-day plants will spread depends upon how far down 
toward the shorter days the critical length of day is situated. 



Figukb 7. — Boneset (Eupatorium torreyanum) plants grown under tlie various 
lengths of day indicated. The control plant (C) was grown under the full 
length of daj^ Stems were lax and unable to flower on shorter day lengths. A 
single stem flowered on plant receiving 12}^ hours of light; flowering was pro- 
fuse with 13 hours of light daily, but stems were w^eak and lax. Stems stiffly 
erect on control {C). The dates of first flowering follow; 12J4-hour day, August 
4 at a height of 40 inches; 13-hour day, July 7, at a height of 30 inches; full day, 
August 18, at a height of 42 inches. 

^ Unlike the long-day and the short-day groups, plants of interme- 
diate habit have their limitations determined by two critical points, a 
maximum in the direction of long days and a minimum in the direction 
of short days. If the minimum in the dmection of the short days is 
near 13 hours, as in the case of the wild kidney bean, it is evident that 
the plant cannot flower in latitudes much below 20°, where the longest 
days of the year scarcely reach this critical length of day. 

Eupatorium torreyanum would not flower in the Tropics in latitudes 
much below 10°, since the minimum critical length of day for this plant 
is near 12K hours. On the basis of their length-of-day requirements, 
Mikania scandens, Phaseolus polystachyus, and Eupatorium torreyanum 
are not fitted to flower and to reproduce seed near the Equator, where 
the length of day approaches a constant of about 12 hours throughout 
the year. 
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The siigarcane variety 28 N. G. 292 has shown a definite flowering 
inipiilse ill response to a daily light duration of 13 hours, and a vegeta- 
tiTe condition with 12 and 14 hours. It is possible, however, that a 
length of day approaching 12K hours and one somewhat longer than 13 
hours would also have been favorable to flowering. On this basis this 
variety can be expected to flower almost on the Equator or at least in 
tropical latitudes ranging from 4"^ to 5° up to 20° or more, and this 
appears to be its normal behavior. This sugarcane has flowered at 
Giiayama, Puerto Eico, practically on the eighteenth parallel, Novem- 
ber 9. When this sugarcane is grown in Louisiana near the latitude 
of 30° N., flowering becomes irregular and may not take place until 
December. This behavior would indicate that tins cane does not find 
length-of-day conditions very favorable to flowering much outside the 
Tropics, the northern and southern boundaries of which are 23 from 
the Equator. If this behavior is an inherent condition of this variety, 
as indicated b}^ the very narrow flowering range in the tests, flowering 
could not be expected in northern latitudes. 

In the narrow responses of this cane one sees a highly specialized 
length-of-day behavior that has not previously been encountered. 
The very narrow restriction of its flowering responses, however, fits 
it admirabl}^ for naturalization in the Tropics alone, where it has been 
found at home. 

In the case of the sugarcane it must be emphasized that the results 
presented were secured from a single test. ^ It is thought, however, 
that the finality of the results of this test indicates the behavior of 
the variety under the conditions. 

The W’ild kidney bean, Mikania scandens, and Eupatorium torrey- 
anum are well adapted to middle latitudes lying roughly between 25° 
and 45°. The north and south range of such intermediate plants 
depends upon the upper and lower limits of their day-length responses. 
If these are far apart the range of the plants will be wide; if they are 
close together the range, as in the case of the sugarcane 28 N. G. 292, 
will be restricted. In the case of this cane, the capacity to flower 
lies somewhere within a range in length of day of only 2 hours, and 
the low upper limit at which flowering fails keeps the plant within 
the Tropics. While such plants have not yet been found, it is possible 
that intermediate plants quite as narrow in their length-of-day require- 
ments for flowering will be found to exist in far northern latitudes. 
Such plants, like those in the long-day class, flowermg in response 
only to very long^ days,^ could adapt themselves only to far northern 
latitudes.^ On this basis it is possible that some plants require con- 
tinuous light for their best development. 

SUMMABY 

A number of plants of intermediate behavior have been found. 
They constitute a group of plants whose flowering is favored by 
lengths of day neither too short nor too long. On either side of this 
optimum range, flowering may cease entirely or be delayed or less 
profuse. ■ •• ••. 

.Mikania scandens, Phaseolus polystachyusj Eupatorium torreyanum^ 
all native wild plants of Washington, D. C., and the wild New Guinea 
sugarcane 28 N. G. 292 show the intermediate flowering behavior. 
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Mikania scandens flowers very poorly in response to lengths of day 
that are 12 hours long or less, and flowering has practically ceasecl 
when the days have been lengthened to 16 hours or more. 

Phaseolus polysiachyus is near its flowering limit when the dnjs are 
reduced to 12^ hours, and flowering is again checked or delayed" when 
the days have been lengthened to 16 hours or more. 

Eupatorium tomyanum ceases to flovrer when the length of day has 
been reduced to about 12)i hours or less. Experiments indicate that 
the plants flower most readily with 13 to 14 hours of daylight, and 
show a delay in flowering when the daylight periods exceed these 
values. 

The wild New Guinea sugarcane 28 N. G. 292 of the species 
Saccharum spontaneum L. has shown the narrowest flowering response 
of any plant yet studied. Tests with daily light periods ranging, at 
1-hour intervals, from 10 to 14 hours, and with the full length of day, 
at Washington, D. C., revealed that flower buds were formed only 
when the plants were afforded 13 hours of light each day. The flower- 
ing range for this species, therefore, lies somewhere between 12 and 
14 hours of daylight. 
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STAGONOSPORA LEAF SPOT AND ROOT ROT OF 
FORAGE LEGUMES^ 

By Fred Rbuel Jones and J. L. Weimer, senior pathologistSy Division of Forage 
'Crops and DiseaseSy Bureau of Plant Industry^ United States Department of 
Agriculture ^ 


INTRODUCTION 

A root rot of alfalfa (Medicago satwa L.) not previously described 
was found almost simultaneously at Riverside, Calif., and Madison, 
Wis. The causal agent has been shown to be a species of Stagono- 
spora known previously only as a leaf-spotting fungus of several 
legumes. Since no leaf spot was found associated vitli the root rot, 
at least in California, a study was made to determine definitely the 
identity of this fungus with similar fimgi on other closely related 
plants. In these investigations all available herbarium material of 
these fungi on all of the forage legumes in the genera Medicago ^ 
MelilotuSj and Trifolium has been examined and cultural studies of 
living material have been made as far as possible. 

An ascigerous stage belonging in the genus Lei^tosphaeria has been 
found on certain host species but not on all of them. For this reason 
the writers have chosen to designate the disease on all of the hosts as 
stagonospora leaf spot and root rot. A new combination is suggested 
for the Stagonospora on Trifolium pratense, 

THE DISEASE 

In the production of disease of possible economic importance 
within the observation of the writers, the species of Stagonospora 
with which this paper is chiefly concerned merits attention as a cause 
of a root rot of alfalfa and of a leaf spot and stem blight of sweet- 
clover. The fungus has been found producing a seemingly iinini- 
pfortant leaf spot on other host species, and has been cultured from 
them, the complete list being as follows: Medicago safiva h.y M. 
lupulina L., M. arabica Huds., Melilotus alba Desr., M. officinalis (h.) 
Lam., M. dentata (Waldst. and Kit.) Pers., Trifolium repens L., 
T, hybridum L. It has been seen in herbariimi collections on Tri- 
folium alpestre L. The leaf spot on all of these hosts is so similar 
that the description of it on alfalfa applies adequately to all. 

1 Received for publication July 22, 1938; issued December 1938. Cooperative investigations of the Division 
of Forage Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture; the Depart- 
ment of Plant Pathology, Wisconsin Agricultural Experiment Station; and the Division of Agronomy, 
California Agricultural Experiment Station. 

2 The authors gratefully acknowledge the contribution of valuable mycological collections from the Her- 
barium of the University of Wisconsin, the mycological collections of the Bureau of Plant Indiistry, U. S. 
Department of Agriculture, the Farlow Herbarium, and J, Dearness. They are also especially indebted 
to J. J. Davis, of the University of Wisconsin, and to J. A. Stevenson and Edith K. Cash, of the Division 
of Mycology and Disease Survey, Bureau of Plant Industry, for the critical reading of the taxonomic por- 
tion of the manuscript and other assistance. 
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On alfalfa the leaf spot is a light buff, pale olive buff, to almost 
wliite (fig. I, A). Many of the spots have a darker brown border- 
bister to sepia of Ridgway between the gray center and the 

green healthy tissue. In some spots there are other, darker brown, 


Figure 1. — Leaf spot and root rot of alfalfa produced by artificial inoculation 
with Stagonospora ?neliloti at Riverside, Calif. A, Leaf spot of alfalfa seed- 
lings produced by inoculation. X l}i~ B, Root and crown rot of alfalfa pro- 
duced by inoculation vdth S. meliloti from alfalfa. The wound on the unin- 
oculated plant at the left is completely healed. Inoculation made August 4, 
1931; photographed June 9, 1932, X about m. 

more or less concentric narrow bands in the central gray portion of 
the spot. The margins of the spots are sometimes water-soaked in 
appearance. In the light central portion are numerous light-brown 
to nearly black pycnidia. Pycnidia are sometimes developed near 
the margin of the spot when the foliage is kept at high humidity. 


3 Italic aumbers in parentheses refer to Literature Cited, p. 810. 
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Tlie spots range from 1 mm to 1 cm in diameter, or they may involve 
nearly the ^entire leaflet. 

Stem blight was produced on alfalfa, both at Riverside and at 
Madison, but was not observed in the field. Ashy lesions bearing 
pycnidia often girdled the stems, causing the death of the shoot. 
Petioles were likewise attacked. 

As a root rot of alfalfa, the disease occurind at Riverside only on 
the upper part of the taproot and on the crown, branches (fig. 1, R). 
The surface of the lesion is dark brovm to black in color, usually 
smooth at first, but becoming roughened as the outer layers dry and 
crack. Beneath the surface the tissues are reddish brown to almost 
black. They are moist at first but dry out later, forming a dry Tot 
that may involve a considerable part of the root or crown. The 
taproot may be severed by a lesion. The disease progresses slowly, 
requiring several months in which to rot off a medium-sized alfalfa 
root. A characteristic reddish color is often present in the decaying 
wood rays through which the disease makes its way toward the center 
of the root. No new buds are formed above the lesion, and the 
plant eventually dies. Since the disease progresses slowly, secondary 
invaders enter the diseased tissue and undoubtedly contribute largely 
to the destruction of the plant. 

As a root rot the disease was first found at Madison in the over- 
growths of grafted plants transplanted to the field. Here the lesions 
strongly resembled crown rot caused by Phytomonas insidiom McCul- 
loch, from which the stagonospora root rot was first distinguished by 
microscopic examination. Later the stagonospora rot was found in 
plants inoculated with P. insidiosa for the purpose of testing their 
resistance. Finally Stagonospora was discovered causing a crown 
rot in a small percentage of plants in an alfalfa field. The most 
characteristic root rot lesions are wedge-shaped discolorations extend- 
ing from the bark toward the center of the root. The crown rot is 
distinguished in the field only with difficulty, and thus an estimate 
of its importance in comparison with other diseases is not easily 
made. 

On Melilotus spp. the leaf spot has usually been found most abun- 
dantly early in spring and late in the fall, on foliage produced in cool 
weather. However, on a variety of sweetclover with fine stems the 
leaf spot has been abundant in midsummer as well. 

The fungus invades stems extensively on occasion, though for the 
most part so late in the fall that the damage is probably slight. 
Once the tops of young tender shoots in a dense growth were found 
killed by the fungus, which was fruiting abundantly. Only once has 
the Stagonospora stage been found fruiting abundantly on flowering 
stems, and in this case the plants had been checked by drought. 
Here the lesions resembled so closely those of a species of AscocJiyta 
occurring on this plant that the fungus was recognized only after 
microscopic examination. In early autumn the bases of stems of 
plants of Melilotus alba are often invaded extensively by the fungus 
in a manner described later, with little external evidence beyond a 
paler green color and a slight browning of the interior tissue until the 
Phoma stage of the fungus begins to develop, when the color changes 
to a golden brown and the surface becomes finely dotted with the 
deeply seated fruiting bodies. 
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A root rot of sweetclover has been produced readily by inoculation, 
but has been found only once in the field. Lesions may be black in 
early stages, but when extensive are usually ash-colored and dry. 

PATHOLOGICAL HISTOLOGY 

At Madison the stagonospora root rot was first recognized and 
distinguished from bacterial wnlt of alfalfa by the discovery in diseased 
tissue" of blue-staining fungus threads where blue-staining bacteria 
were expected after the application of the Gram stain (33, p. 17). 
After some exploration it was found that the fungus mycelium has 
this unusual and most useful staining reaction only when growing 
in certain situations. In roots and in large stems on wdiich the fungus 
has not fruited it stains well; in leaves and in culture media the small 
fragments of fungus thread that have been stained are so few that 
for practical purposes it may be said not to stain at all in those situa- 
tions. Spores in pycnidia often stain brilliantly, both on the host 
plant and in culture. The staining of a fungus in its host plant with 
the Gram stain, as described above, has not been previously recorded 
so far as the writers are aware. Roots in which the stain revealed 
the fungus were cultured on many occasions, and in no instance did 
the fungus fail to grow. Finally the stain was used as a rapid and, 
it is believed, a reliable test for the invasion of the fungus both in 
field material and in inoculated roots when the lesions were of 
doubtful character. 

The fungus appears to enter roots of alfalfa and svreetclover only 
as a wound parasite. The mycelium is easity stained and traced 
between the parenchymatous ray cells in approximately the same 
region often occupied by the bacteria causing wilt. However, the 
fungus develops more extensively between the larger cells at the center 
of the rays rather than between the smaller cells at the margins of 
the rays, where the bacteria are more frequently found, and thus it 
does not approach or enter the vessels. Mycelial strands are often 
found far in advance of discoloration in invaded tissue (fig. 2, J?). 
Sometimes the older mycelium bears small knobs resembling haustoria, 
but their penetration of the host cell walls against which they are 
pressed has not been satisfactorily demonstrated. Overgrowths of 
any kind, where cells and intercellular spaces are large, appear to be 
particularly favorable regions for invasion (fig. 2, A). 

PATHOGENICITY OF THE FUNGUS 

INOCULATION EXPERIMENTS AT RIVERSIDE 

Isolations were made from several diseased plants, and cultures of 
several species of fungi were obtained. On April 14, 1931, 5 of these 
species, including the species of Stagonospora, were each inoculated 
into 10 healthy alfalfa plants growing out of doors in 16-gallon garbage 
cans, and 10 plants were held as controls. The plants were about a 
year old, and the roots measured 8 to 10 mm in diameter near the 
wound. Hyphae from agar cultures were inserted into wounds made 
in the taproots just below the crowm, while the controls were wounded 
but not inoculated. On June 9, 1932, the plants were removed from 
the soil and examined. Six of the plants inoculated with Stagonospora 


Figure 2. — Mycelium of Stagonospora ^neliloti stained in host tissue. A, Myce- 
lium in a longitudinal section of the phloem of a grafted alfalfa plant. Slight 
discoloration of the living tissue indicated this diseased condition. The fine 
dark lines represent deeply stained intercellular mycelium. From natural 
infection. jB, Mycelial strands of the same fungus passing through a wood 
ray of Melilotus alba, far in advance of discoloration. From artificial inocula- 
X 450. 
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were more or less decayed about the wound. The other roots, in- 
cluding the controls and those inoculated with the other fungi, were 
healthy. Figure 1, B, shows two of the infected plants and one of 
the controls. 

A second set of inoculations was made in January 1934. Alfalfa 
plants about a year old were inoculated and set in cans, which were 
held in soil-temperature tanks at five different temperatures, namely, 
36°, 32°, 28°, 25.5°, and 19°-21° C. Ten plants, inoculated by in- 
serting bits of hyphae from an agar culture into wounds, werelield 
at each temperature. All of the wounds wnre covered with rubber 
electric tape. The temperature usually did not vary over 1° except 
in the 19°-21° tank, which varied as much as 2°. The experiment 
was cliscontinued on April 18, 1934. At no time were there any top 
symptoms that suggested root infection. When the roots were ex- 
amined it was found that there were 0, 3, 10, 6, and 9 plants infected 
at 19°-21°, 25.5°, 28°, 32°, and 36° respectively. There was no 
infection in any of the controls. The lesions were all small, and it 
was evident that the experiment should have been continued several 
months longer. The fungus had spread into the tissues and formed 
dark-reddish islands or streaks, such as are characteristic of the decay 
in the deeper tissues of naturally infected plants. Isolations were 
made from a number of plants, with the following results: The fungus 
was recovered from eight of the plants infected at 36°, from four at 
32°, and from seven at 28°. 

On June 12, 1934, 7 lots of 25 healthy 1-year-old plants were in- 
oculated with 7 isolates of the fungus respectively. The hyphae from 
agar slants were inserted beneath the bark through wounds which 
were then closed by being wrapped tightly with raffia. Twenty-five 
controls were prepared by wounding and wrapping. The plants were 
then set in an isolated plot of ground on which alfalfa had not been 
grown for several years, if ever. Thirty-five of the plants did not 
survive the transplanting. The number of healthy and diseased 
plants alive on October 11, 1934, as well as the percentage of infec- 
tion, is shown in table 1. Of the inoculated plants alive on October 
11, 1934, 49.3 percent were infected. Most of the lesions were small 
but were sufl&ciently far advanced to show their true nature. None 
of the controls was infected. 


Table 1,— Percentage of living 'plants diseased on Octoher 11^ 1934} out of 33 heaUh'i/ 
l-y ear-old alfalfa plants inoculated 'with different isolates of Stag onospora 'nieliloti 
on June 13j 1934, at Riverside, Calif, 


Source of fungus 

Healthy 

plants 

Diseased 

plants 

Infec- 

tion 

( 1 ) Natural infeetion, Eiverside 

Niimber \ 
16 ' 

Numbef 

Percent 
23. 81 

( 2 ) ^ . . ... , 

13 ’ 

3 

18. 76 

( 3 ) Artificial inoculation with No. 2 _ . 

4 i 

19 

82. 61 

t4) Same as No. 3 , but another isolation _ 

11 

11 

50. 00 

fS) Same as 3 and 4, but another isolation,. 

13 ! 

8 

38. 10 

( 6 ) Natural infection, Madison ^ 

8 i 

8 

50.00 

( 7 )' Uo.C.... 


16 

69. 57 

(8) ControL.,,,, .... ■ ... . ■ . 

23 

i i 

O' 

! , .00 


i Cultures supplied l^y F. E. Jones. 
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Altboiigli there was no field evidence of the parasitism of tMs fiiiigiis 
on leaves^ inoculations of foliage were made. On ]\:Iarch 18, 1935, 
two 6"incli pots of alfalfa seedlings about 6 inches tall, grown from 
seed in the greenhouse and fiee from leaf diseases, were sprayed vdth 
a spore suspension. The plants were then held with controls for 3 
daj^s in an inoculation chamber where the liiimidity was liigli. 

The time required for infection to appear was not determined, but 
on April 4 numerous more or less circular or rarefy V-shaped spots 
were present on the leaves of many of the inoculated plants. A 
fungus which proved to be identical with that used in inoculation was 
isolated from several of the leaf lesions. 

INOCULATION EXPERIMENTS AT MADISON 

The inoculation trials at Aladison were designed chiefly to de- 
termine whether the Stagonmpora stage of the fungus passes readily 
from one host species to another. Foliage and root inoculations were 
made, chiefly on alfalfa and sweetclover with spores from cultures. 

Foliage inoculations were largely unsuccessful. However, alfalfa 
was infected with cultures from alfalfa, and sweetclover was infected 
with some cultures from sweetclover. Trifoliurn repens was not 
infected with spores from any source. In the cross-inoculation trials 
the only success was a slight infection of white sweetclover foliage 
with one culture from alfalfa. Cultures from Medicago lupuUmi and 
M, arabica were not available when most of these tests were made, 
and therefore these have not been tested on foliage. In these inocula- 
tions, as in those at Eiverside, it was at least 2 weeks after inocula- 
tion before spots appeared on the leaves. This long incubation period 
was unexpected, since the leaf spot occurs in the spring on leaves 
that can hardly be 2 weeks old. Moreover, with alfalfa the Peruvian 
and non-winter-hardy varieties were infected more readily than hardy 
Turkistan plants. Experience with these foliage inoculations sug- 
gested two things: (1) Differences in variefyl susceptibility within a 
species might be greater than difference in susceptibility between 
species; (2) in the field another spore form in addition to conidia might 
be responsible for infection. The successful^ search for the perfect 
stage was in part inspired by the latter possibility. Since the perfect 
stage has been found in sufficient quantity for inoculation work only 
on sweetclover, few cross inoculations with it on foliage have been 
attempted. Thus far succcess has been obtaiiied only in infecting 
foliage of sweetclover. No inoculations have been attempted with 
the Phoma stage. 

Root inoculations with the fungus from various host sources were 
tried in the hope that these would furnish an easier test of the ability 
of the fungus to pass from one host to another. Sweetclover roots 
were used more extensively than those of alfalfa, since they could be 
stored more readily for use during the winter and could be sectioned 
more easily when microscopic examination of the lesions was neces- 
sary. As in the previously cited experiments at Riverside, rapid 
infection could be obtained only at moderately high temperatures, 
and for most of the work a soil teinperature mainfyined at about 
24^ C. in tanks was chosen. A typical result is given in table 2, 
In tliis experiment the inoculum was inserted beneath the surface 
of the thick phloem of roots about half an inch in diameter. The 
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control plants were wounded in the same manner as those inoculated. 
At the end of the experiment the plants invaded by the fungus to 
the center of the woody part of the root were usually so badly dis- 
colored that no microscopic examination was necessary to determine 
the extent of the fungus invasion. In other cases, the extent of 
fungus penetration was determined by staining microscopic prepara- 
tions with the Gram stain. 


Table 2. — Infection in 3 roots of Melilotus alba, inoculated loith cultures of Stag 
onospora meliloti from diif event host sources, after 40 days at 34° C. 



From the data given in table 2, supplemented with data from several 
similar trials, it appears that not all isolates from Melilotus are equally 
effective in infecting Melilotus, A similar situation was found with 
isolates from alfalfa, as shown in the results at Riverside given in 
table 1. Wliile isolates from Melilotus as a group infect Melilotus more 
severely than any similar group yet obtained from the other host species, 
yet in the other host groups of isolates that have been made large 
enough to be significant some isolate has been found capable of 
infecting Melilotus to a degree approximating that of the less patho- 
genic isolates from Melilotus itself. Thus this method of inoculation 
has not served to disintuish any possible host-limited biological races 
in this species, though it has not been used sufficiently to lead safely to 
the conclusion that none exists. A thorough exploration of the extent 
to which and the conditions under which the fungus may pass from 
one host to another was considered to be beyond the province of this 
investigation. 

MORPHOLOGY AND DEVELOPMENT OP THE FUNGUS ON 
HOST PLANTS 

SUCCESSION OP THE THREE FRUITING FORMS ON HOST PLANTS 

The fungus has been found producing on sweetclover three fruiting 
structures, of which the commonest and best known belongs in the 
genus Stagonospora. ^ In addition to this, in the autumn a second fruit- 
ing form belonging in the genus Phoma develops on plants which are 
late in maturing or which continue producing flowers after the main 
crop of seed is set. The Phoma pycnidia appear around lesions in which 
the Sfagonospom pycnidia developed earlier, usually near the bases of 
stems but sometimes upon small branches. This second or Phoma 
form appears to be distinct in character from the earlier or Stagonospora 
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form, and not a variation such as occurs in the Stagorah^pora on 
narcissus (1^). The third form, belonging in the genus Leptosphaeria, 
appears on dead stems the following spring and continues to develop 
during the entire summer and autumn if these stems are well preserved. 

The extent to which the three spore forms function in infection and 
in the perpetuation of the fungus is not clearly apparent from observa- 
tion and studies. The PAomndike spore fomi, found thus far only on 
second-year stems of Melilotus spp., does not appear to be suitably 
situated either in place or in time to seiwe as inoculum. In fact, no 
clear demonstration of its ability to infect has yet been made. The 
Stagonospora form, developing abundantly on dead first-year stems of 
sweetclover, is in excellent position to initiate the spring infection on 
that host. This may occur very early in the spring-~-7it was found 
April 28 at Madison, Wis., in 1938 — and at this time the pycnidia of 
this conidial form were almost always found on the overwintered 
stems standing in the midst of the young growth. The ascigerous 
stage was also found occasionally on these stems, but the ascospores 
were not mature. However, mature ascospores had been found a 
month earlier on first-year stems in a few locations; thus, if these 
served for inoculum they must have been wind-carried over some dis- 
tance. That this may have been the case is indicated by the presence 
of the leaf spot on occasional isolated plants near wdiich the fungus 
was not found on dead stems. After the middle of May the ascospores 
were found maturing abundantly. However, the infection of the 
upper foliage on rapidly growing plants rarely takes place unless these 
plants are spaced in rows. Thus the leaf spot, which seems from spring 
development capable of doing great damage to sweetclover, becomes 
less conspicuous during the period of rapid growth and may become 
abundant on the rosettes of leaves in late autumn. 

On alfalfa no abundant early spring development of the leaf spot 
has been noted, even when dead stems of the previous year bearing 
pycnidia are present. In late spring the leaf spot has been found 
moderately abundant on plants isolated in thin stands or in rows, 
but not in thick stands. The ascigerous stage has been found sparingly 
with the conidial stage on occasional overwintered stems. Here, as 
with sw'eetclover, the relative abundance of the conidial stage can be 
taken as evidence that it serves chiefly as inoculum in the spring, wdiile 
the ascigerous stage serves for widespread though sparse distribution 
of the fungus. 

On the other host plants the fungus has not been observed as early 
in the spring as on sweetclover. Collections of the leaf spot have been 
made chiefly in the summer. 

Early in the study of this fungus it became clear that not only was 
the chief specific character, spore size, liighly variable, but that even 
the chief generic character, spore septation, was often absent not only 
in spores from cultures but also in those from the host. In 1935, 
herbarium collections were assembled and examined in the search 
for a species character of the fruiting structure as dependable as the 
staining reaction of the mycelium had proved in the identification of 
the fungus in infected roots. This character was found in the shape 
of the pycnidial neck or rostrum. When examined in paraffin sec- 
tions of the fruiting structure, this rostrum was found to have a central 
canal narrower at the base than at the apex (fig. 3, A). The height 
of this rostrum varies in pycnidia in a single leaf spot, and when it is 
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siiort its flaring cliaracter is not prominent. However^ pycnidia are 
usually abiindant, and rarely need one search far to^ find a rostrum 
of the character illustrated. Pycnidia of other fungi on these hosts 
have been examined without a single rostrum of this characteristic 
form being found. Several of the descriptions of this fungus have 
mentioned" the presence of a rostrum, but none has noted its peculiar 
shape, probably because this is readily observed only in well-prepared 
sections. Figure 3, B, illustrates a pycnidium of a closely related 
species, Stagonosijora recedens, on Trijfolium pratense, which is dis- 




Figuke 3. — Comparison of the two kinds of pycnidia of Stagonospora meliloti 
(Lasch) Petr, with that of recedem (C. Massalongo) n. comb.: A small 

pycnidium of S, meliloti, drawn from the Lucan collection for Fungi Columbiani 
No. 1335 and North American Fungi No. 2959; B, S, recedens, drawn from 
Phleospora trifolii Cav. var. recedens C. Massalongo in Krieger, Fungi Saxonici 
No. 1750; C, the Phoma-like stage of S. meliloti, drawn from a collection of the 
base of large stems of Melilotus alba. The thin parenchymatous rostrum with 
greater diameter at the apex, shown in A, is characteristic of S. ^neliloti but is 
absent from S. recedens as shown in B, though a short rostrum wuth isodiametric 
opening is sometimes found in this species. The characteristic rostrum occurs 
in the P/io?? 2 alike stage of B. meliloti, as shown in C, when the pycnidia arise 
deeply in the tissue of large stems, but is often absent from pycnidia on small 
branches. X 230, 

tiiiguished sharply from S. meliloti by the absence of the characteristic 
beak. 

When the Phorna stage was found, the pycnidia were examined for 
the presence of this character. The pycnidium of this stage is de- 
veloped in the parenchymatous exterior tissue of the stem, and where 
this is thin, on small branches, the neck of many of the pycnidia is so 
short that it has no noteworthy character. Wlierever the origin of 
pycnidium is deep enough to permit the development of the neck, 
it is like that of the pycnidia producing the larger spores (fig. 3, C): 
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SPORE MEASUREMENTS ON HOST PLANTS 

Since the measureiiients of the Stagonospora tj-pe of s])or(s in dif- 
fei^ent collections were found to differ considerably, it appetire<l at 
first that these differences might be correlated with the liost on which 
the fungus was found. To test this hypothesis spores were measured 
from seven collections from each of three of the principal hosts. 
The mean spore length of 50 spores taken at random was cliosen as 
the datum most likel}^ to show differences. It was found that on 
Melilotm alba the mean spore length ranged from 15.8^ to 19 on 
Medicago sat ivay {vom 15/x to 19.5/x; on Trifolium repens, ixom. 13.7/i 
to 17.7ju. These data show first of all a large variation in spore length 
among the collections on each host species. The spores of the fungus 
on T, repens appear shorter than those from the two other host 
species ; yet if a single collection giving the lowest mean is excluded — 
a collection typical in all other respects — the range of measurements 
lies inside that of the measurement of spore length on alfalfa. In 
other words, the spore measurements on T, repens vary less than on 
the other hosts. Thus the fungus is not distinguished by consistent 
differences in spore size on these three hosts nor on any of the other 
hosts from which collections w^ere examined later. 

MORPHOLOGY AND DEVELOPMENT OF THE FUNGUS IN 

CULTURE 

The general appearance of the fungus in culture has varied so much 
with age and origin that a simple precise description is impossible. 
When the isolate is derived from ascospores discharged upon malt 
agar the mycelial development from each group of spores is slow, 
with an eaily development of pycnidia. Conidia of both kinds planted 
in agar give cultures of much the same character. Pycnidia are 
formed at or near the center of growffh. When this mycelial growth 
is transferred to agar slants, the transfer usually becomes a thick mat 
from wdiich the mycelium spreads slowly from the central fungus 
mound. The aerial mycelium is scanty and white, yellowish, or gray 
in color. Isolates from mycelium in living tissue usually develop 
more rapidly on agar, with more mycelium and less fruiting, than 
cultures from spores. After several mycelial transfers the fungus 
may cease to fruit. The fruiting habit can usually be restored by 
plating macerated mycelium thickly in a thin layer of a^ar in capped 
bottles where evaporation is prevented. Potato agar with 1 percent 
each of lactose and dextrose, string bean agar, and malt agar are 
especially suitable for fruiting. 

During the early part of the study of this fungus, isolates were 
obtained from the several host plants from as many localities as pos- 
sible in the hope that on a uniform substratum the spores would 
show less variation in size than on the host plants and that possible 
host i*aces of the fungus might be distinguished. This hope was 
completely disappointed. The mean length of a random sample of 
spores from one culture has been found as low as and from another 
as high as 18ju. While spores from some isolates appear to differ 
persistently from those of other isolates, these differences do not 
appear to be related to the host sources. 
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The iiiorpliologj of the pycnidia of the Stagonospora stage in cul- 
tures shows remarkable diversity. This was especially true in one 
collection of 26 isolates from Stagonmpora spores. When these isolates 
had been brought into fruiting habit and spores were plated in thin 
layers of agar, pycnidia were produced with little mycelium, with 
white mycelium, or in a black stromatic growth. In occasional cul- 
tures the pycnidial wall was very thick, like that mentioned and 
figured b}^ Volkart {46^ jig. 4) on f rijolmm repiens. In some cultures 
pycnidia had no ostioles or beaks; in others beaks were equal in length 
to the diameter of the pycnidium and opened at the surface of the 
agar or were oriented in all directions.^ Light was not found to stimu- 
late the development of pycnidia or to influence their orientation. 

The fruiting form of the fungus was not recognized in cul- 

ture until after a collection of isolates from the Phoma stage and the 
ascigerous stage of the fungus had been obtained. It was first found 
in a group of cultures that had remained for some time by a north 
window in winter. Since it seemed likely that the low temperature 
had determined this development, poured plates were made from 
Phoma spores from three of the isolates and placed in incubators 
maintained at^ temperatures through the range within which the 
fungus had fruited freely in previous trials. After 2 weeks the plates 
held at 8*^ C. had the PAoma stage only; plates at 12^^ had only the 
Phoma stage in plates of one isolate, but both stages in plates of the 
other two isolates; at 16*^ the isolate having only the Phoma stage at the 
lower temperature now had both stages, while the other two isolates 
had only the Stagonospora stage; at 20*^ and 24° all cultures had only 
the Stagonospora stage. After some of the cultures had been removed 
from the 8° incubator and left at room temperature for 4 days, some of 
the pycnidia were found to have a distinct mass of Stagonospora 
spores at the bottom of the spore mass in the pycnidia, showing that 
with the change of temperature the pycnidia can respond with a change 
in the character of the spores produced. Not all pycnidia responded in 
this manner, nor were the two kinds of spores mixed. 

Following this experiment, plates were poured from Stagonospora 
spores from old isolates — one from the fungus on sweetclover, three 
from -white cloyer, and one from alsike clover — and these were placed 
in the same incubators. The isolate from sweetclover produced 
pycnidia with both spore forms at 8° C., and one of the isolates from 
Trijolium. repens produced both forms at both 8° and 12°. Another 
isolate from white clover at 12° produced in some small pycnidia the 
first intergrading series of spores that has been found containing all 
intermediates possible between the two spore forms. The other 
isolates produced ^ only the Stagonospora form at all temperatures. 
This limited experimental work serves only to indicate that low temper- 
ature is required for the development of the Phoma form, though all 
isolates did not respond alike. The presence of the two spore forms in 
the same pycnidium, as produced in these cultures, has not been found 
upon the host plant. 

One point of difference in the method of discharge of the two kinds 
of spores from pycnidia deserves mention. The Stagonospora spores 
are^ discharged in threads or in slimy masses when water is present, 
while the P^oma conidia have not been seen to exude in masses in 
water but scatter singly. TMs difference in behavior seems to be 
associated with a characteristic difference in the development of the 
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contents of tlie pycnidiiim. The formation of the pycnidial cavity in 
the Stapo 7 iospora form is not precisely like that described by Dodge 
(17) in certain fungus parasites of fruits. The inception of the cavity is 
nt or near the wall beneath the ostiole rather than at the center. T^his 
region is marked hj the development of a small mass of material that 
stains brilliantly by the Gram method Whether this material is the 
product of the disintegration of cells or is produced by cells is not clear. 
In culture several of these brightly staining spots may appear in the 
•same pycnidium, and as many ostioles develop. Even on the host one 
pycnidiiim has been found having an ostiole on each surface. TWiile 
there is no evidence to indicate that this staining ma terial swells and 
presses against the pycnidial wall prior to spore discharge, it does form 
at the ostiole a plug which must absorb water from the exterior, and 
thus it may form the slime in which the extruded spores are at first 
embedded. On the other hand, this staining material has not been 
found in pycnidia of the Phoma form, and the spore mass in the pycnid- 
ium does not appear to swell appreciably when water is applied. 
Spores may be extruded by growth, especially in culture, but these 
spore masses do not appear to be at all coherent when water is applied. 

TAXONOMY OF THE FUNGUS 

SYNONYMY OF THE STAGONOSPORA FORM 

The fil’st and most widely known fruiting form of the fungus dis- 
cussed here has been described and named repeatedly in consequence 
of its wide host range and variable spore length and septa tion. Other 
fungus species belonging in the genera to which this species has been 
assigned have been confused with it. Ascomycetoiis fungi found on 
occasion growing in association with it have been proposed as its 
overmntering form. Names thus applied have been brought together 
in ever-lengthening synonymies by mycologists, usually without re- 
course to cultures and often without examination of authentic speci- 
mens of all the species included. ^ Thus the synonymies of this fungus 
include a group of fungi the relationship of which needs reexamination 
and restatement. The work reported here, together with some exami- 
nation of the cultural behavior and the morphology of some of the 
fungi thus confused, appears to furnish the basis, not only for a new 
statement of the synonymy of this fungus, but also for the disposition 
of some of the names that have been incorrectly included. 

Among the previously proposed synonymies, five have been selected 
wdiich include all of the names proposed in all of them, except names 
derived by transfer to the unaccepted gmem Marssonma and Stagono- 
sporopsis — transfers that add nothing of interest and will not be men- 
tioned further. The names in these synonymies, together with two 
others added by the authors, are grouped in table 3 opposite the 
names of the host plants (column 1) under which they were first 
described, or of the first-mentioned host plant in the list given in the 
original description. The citation number and date of each descrip- 
tion follow each binomial. In the last column of table 3 the synonyms 
retained or proposed by the authors are designated. A brief state- 
ment of reasons for the inclusion or exclusion of each name given in a 
new description follows. To facilitate reference from this discussion 
to table 3 and for cross-reference within the table, original names 
applied with er without descriptions are numbered serially, while new 
combinations are given the numbers assigned the original names and 
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such repeated numbers are enclosed in brackets. Thus the names 
with bracketed numbers require no discussion. The complete syn- 
onymy is designated only in the last column of table 3. 

Table 3. — Simunary of proposed synonymies of Stagonospora meliloti 


Ho.sti 


Medimgo arabica Huds. 

( ~M. maculata Wilid.). 


M, lupuHna L.. 


M, mtiva L-. 


Melilotus alba I)esr_. 


Tnfolium alpestre L. 


T. pratense L-. 


T. tepens L.. 


No.2 


7 

{ 8 

[ 8 ] 

9 

[9] 

10 
11 

[ 12 ] 

12 

[ 12 ] 

[13] 

13 

14 
[13] 

15 
[15] 

16 

17 

18 

19 

[19] 

20 

[ 21 ] 

21 

22 

23 
[23] 

24 

25 

26 


Name of fungus, citation No., and date 


Ascochyta affinis Jaap (25, p. So), 1916-, 


A. medicaginu Bres. {6, p. 326), 1900 

Marssonia medicaginis Voss (47, v. 4, p. 269), 
1892. 

Septogloeum medicaginis (Rob. and Desm.) 
Ell. and Ev.,^ 1893. 

Stagonospora medicaginis (Voss) Bub. {9), 
1916. 

Diplodina medicaginis Oud. (SQ, p. 884), 1903. 
i). medicaginis Oud. var. phyllohia Bub. {9), 
1916. 

Qloeosporium medicaginis Ell. and Kell. 
{20, p. 104), 1887. 

Pseudoplea briosiana (Poll.) Holm. {22), 1918. 
Septoria allantoidea Berk, and Curt. (4), 1874. 
Rhabdospora allantoidea (Berk, and Curt.) 

Saee. {38, v. 3, p. 586), 1884. 

Septoria medicaginis Rob. and Desm. {15), 
1847. 

Stagonospora medicaginis (Rob. and Desm.) 
Hobn. (21), 1910. 

Ascochyta cauUcola Laub. {27), 1903 

A. lethatis Ell. and Barth.,® 1903 

A. meliloti (Trel.) Davis {13), 1919 

Qloeosporium meliloti Trel. {44), 1883 

Marssonia meliloti (Trel.) Sacc. {38, v, 3, p. 
77), 1884. 

Septoria meliloti (Lasch) Sacc. {39), 2889 

Sphaeria meliloti Lasch,® 1842 

Stagonospora carpathka Baumler (3), 1888 

S. meliloti (Lasch) Petr. {32), 1919 

Septoria compta Sacc. {S7,fig\ 89), 1877 

Stagonospora compta (Sacc.) Died. {16), 1912. 

Ascochyta confusa Bub, {8), 1905 

A. trifolii Bond, and Trus. {45), 1913 

Qloeosporium trifolii Pk. {31), 1880..- 

Phleospora trifolii Cav. var. recedens C. Mas- 
salongo (29), 1889. 

Ascochyta trifolii Siem. (42), 1914 

Pseudoplea trifolii (Rostr.) Petr. (32, v. 19, 
pp. 28-29), 1921. 

Rhabdospora trifolii (Ell.) Sacc. {38, v. 3, p. 
586), 1884. 

Septoria trifolii Ell. (18), 1882 

Ascochyta volkartii Bub. {28, p. 190), 1910. 

Phleospora trifolii Cav. (11), 1889. 

Septoria trifolii Ca.Y. (10), 1888-... 

Stagonospora dearnessU Sacc, (38, i\ 10, p. 
333), 1892. 

8. trifolii Fautr. (36), 1890.. 

S. trifolii Ell. and Ev. (19, p. 82), 189... 


Synonymy 3 proposed by- 


N 


eSo 


S 

s 

n' 

s 

s 

NN 


NN 

S 

s 

s 

s 

s 


’ Host plant first mentioned in original description. 

2 Serial numbers indicate original names proposed or given with descriptions: numbers in brackets indicate 
new combmations. 

yN designates name chosen; S, synonym; NN, nomen nudum. The complete synonymy accepted by 
the authors is designated in the last column. . . 

« Ems, J . H, rad Everhart, B. M. north American fungi [exsiccati]. Ser. 2, No. 2959. Septogloeum 
medicairmis (R & D) E & E. 1893. 

S ELiiS, J. B., and Everhart, B. M. fungi columbiani [exsiccati]. No. 1808. Ascochyta lethalis Ml , 
jg®|^^OT2:scH, j; F. HERBARUM vivuM mycolOgicum [etc., EXSICCATI], No, 370. SphacHa melUoUljamh, 
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Notes ok Sykoky.ms of Stagokospora meliloti (Lasch) Petr. 

Since it appears that Petrak (S2), in 1919, assigned the earliest 
specific name in the proper genus to the fungus considered herCj Ms 
combination, Stago7iospora meliloti^ is the name that should be re- 
tained. Although type material has not been found for examination, 
no good reason for superseding the well-established name appears. 

The following notes refer to synoiwms of Stagonospora meliloti as 
given in table 3. 

(1) ^ Ascochyta affims Jaap.—In writing this description, Jaap ap- 
pears not to have been aware that the fungus had previously been 
distributed by Vestergren ^ under the name Mwrssomm medicagvrm 
(Voss) Magnus. ^ Moreover he notes at the end of his description that 
Septoria medicaginis Kob. and Desm. may be the same fungus, which 
is indeed the case. 

(2) Ascochyta medicaginis Bres. — Included from description and 
from examination of Dearness' collection.® 

(3) Marsso7via 7nedicaginis Voss. — Bub4k (5), who examined the 
original collection by Voss appears to show beyond doubt that this 
name belongs in the synonymy. 

(5) Diplodina 7nedicaginis Oud. yar. phyllobia Bub. — The material 
from which this variety was described is stated to have been con- 
tributed by J. Lind for the 'Tiingi Imperfecti Exsiccati." However, 
it is not found in that collection either under the name assigned by 
Bub&,k or thay given by Lind. Thus tMs fimgus has not been available 
for examination, nor has the new varietal name been found cited else- 
where. The varietal description does not appear to define any charac- 
ter distinguishing the fungus either from the species to which it is 
subordinated or from that under consideration here. Therefore, the 
useless name is placed in this synonymy. 

(6) Gloeosporium medicaginis Ell. and Kell. — Included after exami- 
nation of the type and of a collection by Kellerman.^ 

(9) Septoria medicaginis Rob. and Desm. — Included after examina- 
tion of the type.^ 

(15) Septoria compta Sacc. — Illustration and description leave no 
reasonable doubt of its identity. 

(23) Phleospora trifolii Cav. — Included after examination of the 
type, kindly furnished to the writers by Dr. G. Pollacci. 

(24) Stagonospora dearnessii Sacc. — The name given by Saccardo to 
Stagonospora trifolii Ell. and Ev. because the species name trifolii had 
been used previously in that genus. The description leaves no 
reasonable doubt of the identity of the fungus. 

(25) Stagonospora trifolii Fautr.— The mention of the papillate 
pycnidia is good evidence of its identity, even if Allescher (^) had not 
mentioned its close resemblance to the two preceding species. No 
material has been found for examination. 

(26) Stagonospora trifolii Ell. and Ev. — See (24) above. 

4 Numbers not italicized, used before fungus names, are the numbers used before these names in table 3. 

sVestergeen, T. MiCROMYCEiEs RAEioREs SELECTi [exsiccati]. No, 1541. Mamonim medicaginis 
(Voss) Magnus. 1906. 

0 Kabat, J. E., and Bubak, F. fungi imperfecti [exsiccati]. No. 667. Ascochyta medkagink Bres. 
1911. 

7 Ellis, J. B., and Everhart, B. M. north American fungi [exsiccati]. Ser. 2, No. 2270. Obeo- 
sporium medicaginis Ell. md Kell, 1889. 

8 DeSMAZIERES, J. B. H. J. PLANTES CRYPTOGAMES DE FRANCE [exsiccati]. No. 172S. SeptOTia medi- 
cagirnsRoh, 1848. 
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Notes on Names Incorrectly Included in Synonymies op Stagonospora 

MELILOTI 

The disposal of names (table 3) that are not included properly in the 
synonymy is as follows: 

" (4) '^Dvplodma medicaginis Oud. — Undoubtedly a synonym of 
Ascochpta imperfecta Pk. (4^, p. 7 12 ^ footnote), 

(7) Pseudoplea briosiana (Poll.) Holm. — See (20) below. 

(8) Sei^toria allanloidea Berk, and Curt. — ^Could not be certainly 
determined by Brooks (48, p. 718, footnote) as identical with Ascochyta 
imperfecta Fl\. upon examination of the type material, though the 
meager original description admits this possibility. A fungus identi- 
fied as this has been distributed under the name Rhabdospora allan- 
toidea (B. and C.) Sacc.® This fungus has spores up to 20 jj, in length 
and can hardly be A, imperfecta, nor has it characters which identify 
it as the fungus under consideration here. 

(10) Ascochyta caulicola Laub. — In the course of the examination of 
Ascochyta on sweetclover, two species have been distinguished. First, 
a ubiquitous species that produces in nature and in culture an ascigerous 
stage identified as Aiycosphaerella lethalis Stone. This is Ascochyta 
{etlialis Ell. and Barth. The second species is less abundant and is 
not distinguished from the first by spore measurement or pycnidial 
character on the host plant. It is distinguished by cultural charac- 
ters, by the hypertrophy of some of the host plants like that described 
by Laiibert (27) as caused by A. caulicola, and by the absence of an 
ascigerous stage in culture and on the host so far as it has been ob- 
served at present. Under these circumstances, pending further 
investigation, Ascochyta caulicola Laub. is considered to be a valid 
name applying to the fungus that causes hypertrophy of the host 
plant, and not a synonym of A, lethalis. 

(11) Ascochyta lethalis Ell. and Barth. — The imperfect stage of 
Alyeosphaerella lethalis Stone, not often found fruiting abundantly on 
the living host. The ascigerous stage of this fungus has been obtained 
repeated^ in cultures on sweetclover stems stored at low tempera- 
tures. This fungus fruits rarely on leaves, which, when abundantly 
infected, soon shrivel and fall, thus behaving differently from leaves 
infected with Stagonospora meliloti. However, an excellent fruiting 
collection was made in the autumn on leaves of Alelilotus officinalis, 
and another in the spring on M. dentata. The pycnidia on these 
leaves, like those on the stems, had no beaks. 

(12) Gloeosporium meliloti Trek, or Ascochyta meliloti (Trel.) 
Davis. — Appears to have been placed correctly by Davis (14) as a 
synonym of A, lethalis, after examination of the original collection. 

It is noted here that the fungus collected and distributed by Garlton 
under the synonym Marssonia meliloti Trel. is not that fungus, but is 
Stagonospora meliloti. 

(14) Stagonospora carpathica Baumler. — This name has been applied 
several times to the Stagonospora collected on Alelilotus in the United 
States, in spite of the fact that conidiophores Sy to lOju long and 2^ 
in diameter are specified in the original description. No conidio- 
phores have been seen in any specimen of Stagonospora examined, 

® Eitis, J. B., and Eveehar’p, B. M. fungi columbiani [exsiccatiJ. No. 1060. JFthabdospom allan - 
and C.) Sacc. 1897. : 

— and Everhart, B. M. north American fungi [exsiccati]. Ser. 2, No. 3462. Rhabdospora 
cf //a J? f oldm (B. and C.) Sace. 1896. 




Bee. 1 , 1938 Stagonospora Leaf Sjwt and Boot Rot of Forage Legumes 807 


Tliiis the name must be excluded from the s\monymy. The writers 
liaTe not seen any fungus on this plant to which the description applies. 

(16) Ascochyta confusa Bub.— -This name, suggested as a possible 
synonym, has been found without published description. The original 
collection has not been found. Therefore the binomial must be dis- 
carded as a nomen nudum. 

(17) Ascochyta trifolii Bond, and Trus. — See S, recedens below. 

(18) Gloeosporiurn hifolii Pk. See section on Stagonospora rece- 
dens, this page. 

(19) Phleospora trifolii Cav. var. recedens C. Massalongo. See 
section on Stagonospora recedens^ this page. 

(20) Psewloplea trifolii (Rostr.) Petr.— Too well known from recent 
studies to leave any room for suspicion that it has an imperfect fruiting 
stage. 

(21) Septoria trifolii Ell. — Readily excluded from consideration by 
the size and shape of the spores as given in the description. Pound 
upon dead leaves, it is probably a saprophyte. 

(22) Ascochyta wlkartii Bub. — This name, suggested as a possible 
synonym, has been found without published description. The original 
collection has not been found. Therefore the binomial must be dis- 
carded as a nomen nudum. 

Stagonospoea eecedens (C. Massalongo) n. comb. 

Three species (table 3, Nos. 17, 18, and 19) named as occurring on 
Trifolium pratense have been examined critically. The type collection 
of the oldest of these, Gloeosporiurn trifolii Pk., lent to the writers by 
the New York State Museum, has been found sterile. However, a 
fungus under this name corresponding well to the description and 
collected by Dearness and several collections by J. J. Davis are 
deposited in the herbarium of the University of Wisconsin. These 
have been examined. Type material of Ascochyta trifolii Bond, and 
Trus. has been contributed by Dr. Bondartzeff. Phleospora trifolii 
Cav. var. recedens C. Massalongo has been seen in a collection by 
Krieger.^^ These collections appear to be of the same fungus, which 
is distinguished sharply from Stagonospora meliloti by the absence of 
the characteristic beak (fig. 3, B). Some of the pycnidia have short 
isodiametric papillae, as described by the authors, but they are not 
typical of those found in S. meliloti. In addition to this fungus, the 
collections by Davis and by Bondartzeff have the fungus that appears 
to have been incorrectly included with Sporonema phacidioides Desm. 
by Saccardo (38, t\ 25, p, 528). Thus S. meliloti appears not to occur 
on red clover. The closely similar fungus on this host to which the 
three names given above have been applied appears to belong in the 
genus Stagonospora, especially in view of Korkhyrakoff’s report (i^^) 
of spores with more than one septum. The species name apphed by 
two authors to the fungus is not available, since it has been used for 
another species in that genus. Therefore, the varietal name applied 
by Massalongo is chosen for the species name of this fungus. Thus 
the name suggested is Stagonospora recedens (C. Massalongo) n. comb. 

10 Baetholomew, E. fungi columbiani [exsiccati]. Cent. 46, No. 4538. aioeosporium trifolii Pk. 
1915. 

11 Krieger, W. fungi saxonici [exsiccati]. No, 1072. Phleospora trifolii Cav. var. recedens C. Mass, 
1895. 
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The description by Trusova (^d) appears to be the most adequate 
when amended by the mention of the occurrence of spores with two 
or more septa. 

TAXONOMY OF THE PHOMA FORM 

The fruiting structure produced on stems of sweetclover in the 
autumn after the larger spored structures have ceased to develop 
belongs beyond doubt in the genus Phoma. Spores of this Phorna 
stage germinate in culture media and produce the Stagonospora stage 
ill culture. 

Two species in the genus Phoma have been described on sweetclover. 
One of these, Phoma oleracea Sacc. {40, p, 549), is certainly not the 
species at hand. Not only are the spore measurements given for the 
species too large, but in the type material lent to the writers by Dr. 
Dearness the pycnidia are found to be superficial, in striking contrast 
with the deeply situated pycnidia illustrated here (fig. 3, (7.). 

The description of the other species of Phoma on sweetclover — 
Phoma meUloti Allescher (1) — applies more closely to the material 
at hand. The minimum spore width of O.Bfz given in the description 
is too small for even the shrunken specimens in dry material, though 
these are very narrow indeed, and the pycnidia seem rather widely 
scattered on stems rather than gregarious as stated. The type col- 
lection of this fungus has not been seen; but a fungus distributed 
under this name by Krieger has been examined. The collection 
was made in October, the right season of the year for the development 
of this form, and on small branches. A comparison of this material 
with a collection made near Madison on similar branches failed to 
show any differences whereby the pycnidia from the two collections 
could be distinguished. There were more pycnidia with character- 
istic flaring beaks on the Madison collection than on Krieger’s col- 
lection, but a few were found on the latter. In both collections imma- 
ture fruiting structures that may have been perithecia were found. 
Thus, on the basis of this comparison it appears that the name Phoma 
meliloti Allescher is correct as applied to the autumn fruiting structure 
of Stagonospora meliloti, 

SYNONYMY OF THE ASCIGEROUS FORM, LERTOSPHAERIA PRATENSIS SACC. 

AND BRIARD 

The perfect stage of Stagonospora meliloti is well represented in 
European collections. It first appears in Rabenhorst,^^ under the 
name Leptosphaerm dumetorum Niessl, on Melilotus alba. The 
spores of the fungus in this collection, as measured by the authors, are 
22/x to 26jLt long, while a length of ISjlc to 20fx is given in the description 
of the species. Rehm (34) distinguishes this collection as iepfo- 
sphaeria dumetorum Niessl f. meliloti Rehm, but gives the spore length 
as stated in the original species — presumably an oversight, though it 
is possible that Rabenhorst’s collection was mixed, containing another 
of the several species of LejMsphaeria occurring on this host. Later, 
Berlese (d, pp. 55-56) included Rehm^s form in a new variety of 
another species, j£. eustoma (Fries) Sacc. f. major Berlese, still giving 
the short spore measurement. While Berlese's figure (5, table XLI, 

« Keiegee, W. fungi SAXONICI CEXSICCATII. No. 2284. Phoma mdiloti Allescher. 1914. 

1? Rabenhorst, L. fungi eubopaei [e.^siccatij. No. 2238. LeptospMeria dtmetor urn Niessl. 1877. 
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Jig. 5) sliows short, rather thick spores consistent with his measiire- 
nieiit, still one of his three type collections,^'^ in the packet that the 
authors have examined, contains typical material with spores iiiore 
than 20/x in length. Thus this variety appears to be in part the 
perfect stage of Stagonospora meliloti. 

It appears likely that the incorrect spore measurement stated by 
both Rehm and Berlese left the way open for the later descriptions of 
this species. The first correct designation of this fungus as a species 
appears to be Leptosphaeria pratensis Sacc. and Briard (7) described 
on Medicago satim. The spore length is given as 28g to 32^. Berlese, 
who drew the fungus from the original collection (5, r. f , table LV^ 
jig. 1) gives the spore length as 28/x to SOju. The authors have not 
seen this original material. Spores from the first collection made on 
alfalfa, discharged upon agar plates measured 25ju to 32ju in length, 
and thus were of the length stated in the original description. Spores 
from a collection made in the following year measured 21ju to 27 p in 
length, with a mean length of 23,6ju. From these data the opinion 
has been reached that the greater spore size stated for Leptosphaeria 
2)ratensis in the original description, while probably correct, is an 
extreme size in the species and is not a character distinguishing it from 
the Leptosphaeria previously discussed on Melilotus alba. 

The fungus was later named Leptosphaeria meliloti by Hollds (^5), 
who recognized (in a letter to the authors) the previous varietal 
designations stated above. 

The collections of the fungus that have been verified by examina- 
tion all being on Melilotus spp. except the American collection, which 
is stated to be on an undetermined shrubby plant, are listed with the 
proposed synon^miy as follows: 

Name: 

Leptosphaeria pratensis Sacc. and Briard. 

Synonyms: 

L. dim, etornm Is iessl (in part in herbaria). 

Rabenhorst, Fungi Europaei No. 2238, tyj)e. 

Krieger, Fungi Saxonici No. 911. 

De Thunien, My cotheca Universalis No. 2248. 

Petrak, Flora Bohemiae et Moraviae Exs. No. 2044. 

Sydow, Flora Mar chi ca (not numbered). 

Yestergren, Microniycetes Rariores Select! No. 726. 

Ellis and Everhart, North American Fungi, 2d ser., No. 2614 (a). 

L. dumetorum Niessl f. meliloti Rehm. 

Sydow, My cotheca Germanica No. 2528. 

L. eustoma (Fries) Sacc. f. major Berlese (in part, as represented by Mycotheca 

Universalis No. 2248). 

L. meliloti Hollos. 

SUMMARY 

A root rot of alfalfa, found first by the authors in California and in 
Wisconsin, is caused by a fungus previously known chiefly as a leaf- 
spotting fungus but having three fruiting forms, all of which have been 
described previously as independent species. This fungus is capable 
of producing a root rot of sweetclover also, though such root rot has 
been recognized but once in the field. The root rot ppgresses slowly, 
and is favored by lugli soil temperature. It is not readily distinguished 
macroscopically , but microscopically it is readily identified by staining 

De ThCmen, F. mycotheca ijniveesahs [exsiccatii. No. 2248. Leptosphaeria dumetorum Niessl. 
1884. 
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tlie fungus mycelium in roots or large stems with the Gram stain. 
Mycelium in leaves or in culture media is not thus stained. Wliile 
the root rot develops best at a high soil temperature, the leaf spot 
develops abundantly at low temperature in early spring and late fall. 

The chief imperfect stage of the fungus causing this root rot is 
defined here as a morphological species in the genus Stagonospora, 
identifiable on all of its host plants in three genera of legumes by the 
characteristically shaped rostrum, or beak, of the pycnidium. Cul- 
tures have been made of the fungus from nearly all of the host species 
known. While the fungus is variable in culture, none of the varia- 
tions appear to be associated with the host origin. ^ Some of the cul- 
tures from the more important host sources will infect sweetclover 
roots, though in varying degree. Cultures from sweetclover vary 
greatly in pathogenicity when inoculated into roots of that plant. 

The first and most conspicuous fruiting form of the fungus appears 
to be properly designated Stagonospora meliloti (Lasch) Petr. This 
fungus has a large number of synonyms, which are discussed. The 
second form, found thus far only on Melilotus alba, in the autumn, has 
been previously described as Phoma meliloti Allescher. The ascigerous 
form, found thus far on alfalfa and sweetclover stems, in the spring, 
is Leptosphaeria pratensis Sacc. and Briard. 

For a species^ of Stagonospora on Trifolium pratense closely resem- 
bling this species, the new combination Stagonospora recedens (C. 
Massalongo) is suggested. 
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HISTOLOGY OF APPLE FRUIT TISSUE IN RELATION TO 

CRACKING 1 


By Leif Vern'er 

HoHicuUurist, Idaho Agricultural Fxperlmerd Staiion 

INTEODUCTION 

Extensive loss often is incurred in tlie production of various fruits^ 
notably sweet cherries (Prunus mium L.) and certain varieties of 
apple {Malm sylmstris Mill.), as a result of cracking of the skin and 
fleshy tissues sometime prior to harvest. Recent investigations have 
shown that in some of these fruits cracking is associated with abnormal 
acceleration of fruit growth or swelling as a result of a marked increase 
in water supply to the tissues. Verner and Blodgett {12Y found that 
cracking in sweet cherries was induced by an osmotic absorption of 
water through the fruit skin when this remained wet during prolonged 
periods of rain; and Verner {10) concluded that cracldng in Stayman 
Winesap apples is promoted by increased water supply to the fruit 
tissues^ as a result of greatly depressed transpirational water loss under 
conditions of high humidity. In general, there seems to be a tendency 
for both cherries and apples to become increasingly susceptible to 
cracking as the fruits approach maturity. 

Among different varieties of the same kind of fruit striking differ- 
ences in tendency to crack have been observed, Bing, Lambert, and 
Napoleon sweet cherries are liighly susceptible to this injury, while 
Republican, Eagle, and many other varieties are more or less free of it 
{9). Stayman Winesap apples sometimes crack severely, while apples 
of other varieties on nearby trees do not crack at all. Even among 
different individual fruits on the same tree remarkable differences in 
tendency to crack may be observed, some fruits cracking severely 
rather early in the season while others are still sound at maturity. 

We may infer from such observations that some varieties, in general, 
and certain specific fruits of those varieties in particular, are in some 
manner peculiarly predisposed to cracking. Evidently those forces 
tending to promote unusually rapid swelling of the inner tissues 
through increased hydration are not alone responsible for this phenom- 
enon. Some fruits, apparently, are able to accommodate these rapid 
rates of enlargement by corresponding growth or stretching of the 
peripheral tissues, while other fruits are not so adapted. The environ- 
mental influences that tend to promote cracking must, therefore, be 
regarded as merely contributory. 

The present study was undertaken with the hope of finding a 
histological basis for the explanation of these diverse tendencies of 
different fruits to crack. Sections of fruit tissue of the highly suscep- 
tible Stayman Winesap apple were compared with similar tissues of 
several varieties in which cracking is rare. The latter varieties 
included Winesap, Winter Banana, Grimes Golden, Gano, and 

1 Received for publication April 26, 1938; issued December 1938. Research Paper No. 168, of the Idaho 
Agricultural Experiment Station. 

2 Italic numbers in parentheses refer to Literature Cited, p. 823. 
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Arkiuisus. Especially careful examination was made of tissues adjacent 
to cracks in Stayman Winesap; and specimens of this variety that had 
cracked were compared with specimens which, although gi-owing in 
the same orchard or on the same tree, had remained sound. 

In a fruit such as the apple, which approxixnates a spherical shape, 
the most rapid growth in a tangential direction must occur in the 
outermost tissues. If growth or tangential stretching in these parts 
is unahle to Iceep pace with growth or swelling of the underlying tissues 
(liugmlv cortex in the apple), cracking may be expected to occur in the 
fruit periphery. The nature of tangential growth or stretching of the 
epidermal and hypodermal layers, roughly constituting the fruit 
•‘skin,” is, therefore, of special interest in a study of cracking in this 
fruit. The rela tive positions of these tissues and the manner in which 
tliey are involved in cracking are shown by the photomicrograph in 
plate 1, A. Major consideration has been given to these tissues. 

REVIEW OF LITERATURE 

Since a i-eview of literature on the subject of fruit cracking has been 
published recently {10), only such papers as have a direct bearing on 
the present study are considered here. 

Tetley (S), in an anatomical study of Bramley Seedling apple, 
found that both cell division and cell growth continued later in the 
hypodermal layer of cells than in any other part of the cortex; and 
epidermal cells, she states, may continue to divide as long as the fruit 
is growing. As a rule, however, cell division in these regions decreases 
with advancing maturity, and much of the tangential stretching to 
wliich the peripheral tissues are subjected late in the season seems to 
be accommodated by a change in the direction of the long axes of 
cells in this region. In very early stages of development, when the 
apple is newly “set,” the epidermal cells are somewhat brick-shaped, 
with their long axes lying in a radial plane; but, as growth proceeds, 
these cells seem gradually to yield to stretcliing until, at maturity, 
their long axes lie in a tangential plane. In the hypodermal cells 
also the tangential dimensions increase more radiply than the radial 
dimensions in the later growth stages. This change in shape of 
epidermal and hypodermal cells, as a result of tangential stretching, 
might conceivably provide for a considerable increase in surface area 
of the fruit without any appreciable cell growth having taken place. 

Tetley states that the epidermis of Cox Orange Pippin, an English 
variety of apple that cracks readily, is characterized by deposition of 
cutin on the outer tangential, the radial, and the inner tangential 
walls of the epidermal cells. She considers that this type of cuticle 
offers less resistance to tangential stretching than a type of cuticle 
that covers only the outer tangential walls, or the outer tangential 
and radial walls of the epidermal cells. She seems to consider the 
type of cuticle of Cox Orange Pippin at least partly responsible for 
the tendency of this variety to crack. 

Zschokke {13) observed that hairlike epidermal cells present in very 
young apples commonly are broken in the early growth stages of the 
fruit, leaving in the epidermis minute openings which subsequentlv 
become suberized and give rise to lenticels. Tetley (5), who also ob- 
served these hairlike structures, states that upon collapse of such tur- 
gi<l cells in a stretched epidermis small cracks in the skin may appear. 
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, Transverse section showing one side of a shallo\Y crack in a Stayman 
apple and the tissues involved in such cracking. X 125. a, Cuticle; 5, 
epidermis; c, hypodermis; d, cortex. JB, Tangential section through epidermis 
of Stayman Winesap apple showing cut-in (shaded portions) deposited between 
groups of epidermal cells. Traced from a photomicrograph. X 500. 
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According to Sorauer (7) cork formation usually occurs in the tissues 
subjacent to such small cracks, and this cork development may result 
in local russeting of the fruit skin. In subsequent growth of the fruit, 
cracks are likely to appear in such regions because of nonuniform swell- 
ing of the russet and the healthy areas. 

Yerner {10) considers that lenticel hypertrophy, which seems to be 
induced by the same environmental conditions that promote cracldng, 
may sometimes constitute an initial stage in the development of cracks 
in Stayman Winesap apples. He points out that cracks in this variety 
occur most commonly in areas characterized by some abnormality of 
the peripheral tissues, such as russeting, lesions of apple scab (Venturia 
inaequalis), sunburn, or high skin coloration — conditions that seem to 
decrease the extensibility of these tissues. 

Kertesz and Nebel (S), in a study of varietal differences in suscepti- 
bility to cracking in sweet cherries, found that those varieties that 
cracked most readily had smaller cells and thus, presumably, more 
cell-wall material ^ than those resistant to cracking. When finely 
divided pulp of different varieties was placed on wet filter paper in 
funnels it was found that a relatively large percentage of the juice was 
I'etained by pulp of the varieties most susceptible to cracking, while 
in the noncracldng sorts much of the juice passed through the filter* 
The greater retention of liquid by pulp of the varieties that crack 
badly was attributed to the imbibitional properties of the greater 
amount of colloidal substance in these fruits. These colloids of the 
cell walls, they conclude, probably exert a greater influence on absorp- 
tion of water by the fruit in periods of rain than do the osmotically 
active constituents of the cell vacuoles; and they consider that varietal 
differences in colloid content serve to explain differences in their 
susceptibility to cracking. 

METHODS OF PROCEDURE 

The apple tissue samples used in this study were secured in 1933 and 
1934 from nearly mature fruit grown at the Kearneysville Experiment 
Farm of the University of West Virginia. By means of a razor blade, 
wedge-shaped pieces of tissue were cut from the apple cheek in such 
a manner that each consisted of a 5-mm square of fruit skin and 
tapered on radial planes toward the core.^ In length these pieces of 
tissue ranged from 1 to 3 cm, the longer pieces usually traversing the 
cortex and including a portion of the pith of the apple. 

As soon as a tissue sample was removed from an apple it was placed 
in a formalin-alcohol killing and fixing solution. The samples were 
prepared for embedding in paraffin by a routine procedure of dehy- 
dration in an alcohol series of increasing concentrations from 35 to 100 
percent, and by clearing in a series of alcohol-xylol mixtures of increas- 
ing concentrations of xylol from 33 K to 100 percent. Paraffin with a 
melting point of 52° C. was used for embedding. Transverse sections 
10 to 15 microns thick were cut with a rotary microtome, and these 
sections were stained with Delafield’s haematoxylin and Sudan All 
according to the schedule recommended by Baker {1). The stained 
sections were mounted in glycerin jelly. 

Photomicrographs were taken by means of a euscope equipped with 
a camera attachment. Length of exposure of the plates was controlled 
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through the use of a camera shutter attached to the subs’tage of the 
microscope. A carbomarc lamp served as a source of light. 

Most of the sectioning, staining, and study of these tissues was 
carried on in 1935 and 1936 at the University of Idaho. 

OBSERVATIONS 

DIFFERENCES IN THE PERIPHERAL TISSUES OP CRACKING AND NONCRACKING 

APPLES 

There were observed no consistent differences in structure of the 
cuticle or of the epidermis that might help to explain the tendency of 
some fruits to crack. In all varieties examined the cells of the epi- 
dermis had been pulled apart into small groups, as shown in plate 1, B, 
and the epidermis had remained intact only by virtue of increase in the 
cuticle, which had been projected into the interstices formed between 
the radial walls of cells that had been separated. In many cases cells 
of the epidermis were completely embedded in cutin and obviously 
were incapable of further growth. The development of this condition 
of the epidermis probably is attributable to premature cessation of divi- 
sion and growth in the cells of this layer, with a subsequent separation 
of these cells, one from another, as the epidermis is called upon to cover 
a larger and larger area of fruit surface. ^ Preservation of the epidermal 
layer as a continuous, unbroken covering oyer the fruit is, therefore, 
dependent primarily upon continued deposition and stretching of the 
cutin that holds the epidermal layer intact. Since deposition of cutin 
may thus supplement deficient growth of the epidermis, the failure of 
the epidermal tissue itself to maintain an adequate growth rate cannot 
be regarded as contributing materially to the susceptibility of a va- 
riety to cracking. This view is supported by the fact that in varieties 
resistant to cracking, as well as in Stayman Winesap, the epidermis 
behaves in tliis manner. 

In the hypodermal region of these apples striking differences were 
observed among the varieties studied, and these differences appear to 
be intimately related to the phenomenon of cracking. In Stayman 
Winesap the cells of the hypodermis, like those of the epidermis, 
showed unmistakable evidence of a deficient growth rate in the later 
stages of fruit enlargement; but this was not so of the varieties re- 
sistant to cracking. With few exceptions, the Stayman Winesap 
tissues examined were characterized by a more clearly defined hypo- 
dermal layer than was observed in any other of the varieties studied, 
111 Stayman Winesap this layer consisted of much smaller and thicker- 
walled cells than were found in the subjacent part of the cortex, and 
these two regions usually were quite distinct. In most of the other 
varieties the hypodermal layer usually lacked a definite outline, the 
somewhat smaller cells of this region mergmg imperceptibly with the 
larger cortical cells. These different types of hypodermis are illus- 
trated in plates 2 and 3, showing partial cross-sections of tissue from 
apparently normal fruits of Arkansas, Gano, Winesap, Grimes Golden, 
Winter Banana, and Stayman Winesap. 

As shown in plate 3, U, tangential dimensions of the hypodermal 
(‘dls of Stayman Winesap often are much greater than the radial 
dimensions, indicating that late growth of the fruit cortex was accom- 
modated in the peripheral region principally by tangential stretching 
of the hypodeimal cells rather than by cell growth. In the other 



1 TransYBi'se s 

lections sh 

1 tissues of a 

pple variet 

|. , 0, Winesaj 

). X 125. 



Histology of Apple Fruit Tissue Related to Cracking 


PLATE 3 



Traiis verse sections showing epidermal, hypodermal, and outermost cortical 
tissues of apple varieties: -4, Gano (resistant to cracking) : B, Grimes (resistant 
to cracking); C, Stayman Winesap (susceptible to cracking). X 125. 
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Transverse sections of Stayman Winesap apples showing modifications of normal 
peripheral tissues: Ay adjacent to a crack; B, in a sunburned area; 0, in an area 
probably injured by a lime-sulphur fungicide. X 125. 
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pliotomicrograplis of plates 2 and 3, representing varieties resistant to 
cracking, cells in the hypodermal regions are nearly isodiametric in 
cross-sectional outline and we may assume that, in these varieties, the 
rapid expansion necessary in the outermost tissues during the later 
stages of fruit enlargement was taken care of by cell growth. 

Sections of Stayman Winesap tissue adjacent to or including a 
crack (pis. 1 and 4, A) show even greater elongation of the hypo- 
dermal cells than was observed in normal tissue of this variety. In 
many of these cells the lumen is almost closed as a result of tangential 
stretching or a combination of stretching and radial compression from 
the swelling inner tissues. Cells such as these appear to have reached 
their limits of ^ extensibility, and further growth of the fleshy portion 
of the fruit without commensurate growth in the hypodermis might 
be expected to sever these tissues and result in a crack. The more 
rounded hypodermal cells of noncracking varieties might, without 
further growth but simply by tangential elongation, permit a con- 
siderable increase in fruit volume without being torn apart. 

TISSUE MODIFICATION IN SUNBURNED, SPRAY-INJURED, AND fRUSSETED APPLES 

Plate 4, B shows tissue of Stayman Winesap in a region character- 
ized by sunburn, a condition of the fruit commonly associated with 
cracking. The loosely knit structure of the hypodermal layer sug- 
gests that growth of the cells in this region ceased or was greatly 
restricted before growth of the fruit as a whole came to an end, tKe 
hypodermal cells, consequently, having been pulled apart. A similar 
condition, the cause of which is not definitely Imown, is shown in 
plate 4, C. This apparent injury of the subepidermal layers is thought 
to be of the same origin as that described by Baker (1) and attributed 
by him to the use of a lime-sulphur fungicide late in the growing sea- 
son. This condition, like that associated with sunburn, seems to 
predispose the affected region to cracking. We find here a disin- 
tegration of both epidermal and hypodermal tissues that would pre- 
clude further growth in these layers. Subsequent expansion in re- 
sponse to continued fruit growth should lead to cracking in an area 
thus affected. 

Tissue modifications that appear in the condition commonly 
referred to as russeting, and which greatly increase the susceptibility 
of an apple to cracking, are shown in plate 5. Such russeting, or 
cork formation, takes place following injury to the cuticle, A layer 
of cork cambium assumes the position normally occupied by the 
epidermis, cutting off to the outside several, or many, tangential 
layers of cork cells, which constitute the scurflike russet. In the 
sections of russeted fruit that were examined there was little evidence 
of the formation of phelloderm cells that usually are cut off to the 
inside by the cork cambium. Beneath the cork tissue the hypo- 
dermal cells often were much elongated tangentially (pL 5, A) as in 
nonrusseted tissues adjacent to or including a crack (pis. 1, 4, A, 
and 6, D). 

In many sections through russeted areas it was observed that a nar- 
row band of cork tissue extended into and, at some points, beneath the 
hypodermal layer (pi. 5, A, B). Hypodermal cells so separated from 
the cortex often presented a striated appearance owing to tangential 
stretching, and this tissue was badly disrupted. Apparently growth 
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had been terminated in this region while the fruit still was enlarging, 
in conse€|uence of which the cells first were stretched to the limit of 
their extensibility and then were gradually pulled apart. ^ This would 
add to the roughness of these russeted areas, and it might lead to 
incipient cracking as shown in plate 5, A, 

TISSUE MODIFICATIONS IN DENSELY SHADED STAYMAN WINESAP FRUITS 

In 3 years of observation, sound, densely shaded Stayman Winesap 
fruits growing in the innermost parts of the tree were never found to 
crack. Upon examination such shaded fruits seemed always to have 
thinner skins than specimens from more exposed parts of the tree.. 
Apples selected at random in difterent exposures on several trees and 
enclosed in brown paper bags from 3 to 4 weeks before harvest seemed 
also to have abnormally thin skins when they reached maturity, and 
the incidence of cracking in these bagged apples was much less than 
in fruits normally exposed. In 1932 there were only 5.2 percent of 
cracked apples among 210 that had been covered, while among 190 
that had been tagged and left exposed, 41.0 percent had cracked. 

Zschokke {IS) states that apples of a variety normally russeted, if 
shaded early in the growing season, remained free of russet and were 
thinner skinned than unshaded fruits. Magness and Diehl (4) found 
with several different varieties that the skin on the cheek exposed to 
the sun was thicker than the skin on the shaded cheek. As shown in 
plate 6, A, sections of tissue of Stayman Winesap apples from densely 
shaded parts of the tree lack the clearly differentiated hypodermal 
layer seen in sections of exposed fruits of this variety. The hypoder- 
mal cells of these shaded fruits resemble those of varieties that are 
not susceptible to cracking. They are rounded in outline, they are 
not clearly distinct from other cells of the cortex, and they lack the 
stretched appearance of corresponding cells in more exposed speci- 
mens of the same variety. 

A and B of plate 6 show the similarity in structure of the hypodermal 
regions of a densely shaded Stayman Winesap apple and a normal 
fruit of Arkansas, a noncracking variety; and these may be contrasted 
with C and P, showing, respectively, hypodermal tissues char- 
acteristic of normally exposed and of cracked Stayman Winesap 
apples. The close relationship between degree of tangential stretch- 
ing of the hypodermal cells and cracking is clearly evident in these 
illustrations. 

Darkly stained cell inclusions, as seen in plate 6, P, were observed 
commonly in tissues adjacent to or including a crack. The nature 
of these inclusions has not been determined, but it is suggested that 
they might consist of dead protoplasm and other contents of cells that 
were killed sometime before the fruit was picked. Upon the death of 
these cells their growth would, of course, be terminated, with the 
result that the cells would be elongated and compressed as growth con- 
tinued in the underlying tissues. Similar inclusions were present in 
cells of sunburned tissue, as shown in plate 4, P, in which the dark 
intracellular masses are to be seen adhering to the walls of the cells. 
These cells, largely separated from the subadjacent tissue through 
which their nourishment had been derived, must surely have died 
sometime prior to picking of the samples. Had they been elongated 
and flattened as were those shown in plate 6, P, they would have pre- 
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sented much the same appearance as these, with slitlike lumina filled 
by the dark inclusions. 

' Plate 6 also affords a comparison of cell-wall thickness in cracking 
and noncracking specimens of Stayman Winesap. The much greater 
thiclmess of hypodermal cell walls in plate 6, D than in 6, ^4, is char- 
acteristic of all of the cracked specimens examined except those in which 
spray injury or russeting were involved. Not only are the cell walls 
of cracked specimens thicker than those of densely shaded fruits but, 
as a rule, they are thicker than those of normally exposed but un- 
cracked fruits of the same variety. 

The cell walls of hypodermal tissue in normal fruits of Stayman 
Winesap are not appreciably thicker than in normal fruits of Winesap, 
w^hich is a variety highly resistant to cracking. We cannot, therefore, 
regard the thickness of hypodermal cell walls in fruits of Stayman 
Winesap as an inherent characteristic that bears a causal relationship 
to cracking. We may, however, consider that the unusual thickness 
•of these cell walls in specimens of Stayman Winesap in which crack- 
ing has occurred constitutes a special form of tissue modification to 
which this variety is especially prone, and which, perhaps, contributes 
to the tendency toward cracking in such specimens. 

DISCUSSION AND CONCLUSIONS 

It appears from these observations of tissue structure that the high 
•degree of susceptibility to cracking in Stayman Winesap apples is 
attributable primarily to a tendency toward marked restriction of 
growth in the hypodermal layer late in the growing season while the 
fleshy portions of the fruit may be enlarging at a normal or an excessive 
rate. Under average conditions, when enlargement of the fruit is 
proceeding moderately, this restricted growth of the hypodermal cells 
is supplemented by tangential stretching, and a combination of these 
two processes (growth and stretching) enables the hypodermal layer 
to expand sufficiently to keep pace with enlargement of the rnain body 
of the fruit. At the same time, the epidermal layer remains intact 
through a gradual stretching, and increase in quantity, of the cuticle 
in which it is partially embedded. Thus, when growth proceeds at a 
moderate rate the fruit seldom cracks; but under conditions of very 
high humidity and its attendant low transpirational water loss, when 
tissue hydration is increased and the rate of fruit enlargement is 
abnormally rapid (11), the limit of extensibility of the hypodermal 
tissue soon is exceeded and cracking occurs. Growth measurements 
taken at times when Stayman Winesap apples were in the process of 
cracking have shown {10) that many noncracking specimens enlarge 
at more rapid rates than those that crack. The phenomenon of 
cracking cannot, therefore, be attributed to an exceptionally rapid 
rate of swelling in the cortex of cracking specimens, but must be 
regarded as a result of inadequate growth in their peripheral tissues. 

Incipient cracking frequently involves only the ciiticle and epi- 
dermis, the rupture of which gives rise to cork cambium that soon 
replaces the normal epidermal covering with less extensible cork tissue, 
or russet, which predisposes the affected area to more severe cracking 
at some later time. In deeper cracks the epidermal and hypodermal 
layers may occasionally behave independently as shown in plate 4, i? 
and 0, where the epidermis remained intact when cells of the hypo- 
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dermal layer were pulled apart; but it is evident that, as a rule, these 
two tissues remain closely knit and behave as one in such cracking. To 
some extent the incapacity to maintain an adequate growth rate in 
times of abnormal growth acceleration in the deeper tissues seems to 
include part of the cortex below the hypodermis, since cracks com- 
monly involve the cortex to a depth of 10 or more cells. As previously 
pointed out, the configuration of an apple is such that expansion of its 
tissues in a tangential plane during growth must be greater in rate as 
the issue in question is farther removed from the central axis of the 
fruit. It is to be expected, therefore, that in times of unusual growth 
acceleration other regions of the cortex may, like the hypodermis, 
become involved in cracking by reason of inability to maintain a 
growth rate commensurate to that of the underlying tissue. 

There is a rather common view that cracking indicates lack of 
strength or resistance on the part of the fruit ''skin'’ to withstand the 
pressure imposed on it by internal growth. Thus, Tetley (8), in dis- 
cussing cracking in Cox Orange Pippin apples, states that the "epi- 
dermis was unable to resist the rapid swelling of the cells within and 
had consequently cracked." In view of the ofeervations here reported 
it is doubtful whether we should look upon these outermost tissues of 
the fruit as oflering any considerable mechanical resistance to expan- 
sion of the deeper tissues. At best, the epidermal and hypodermal 
layers combined constitute a covering not exceeding one-fifth of a 
millimeter in thickness, and in some varieties especially resistant to 
cracking, such as Arkansas and Winter Banana, no clearly defined 
hypodermal layer can be distinguished. Cracking, therefore, should 
be looked upon, not as evidence of failure of these outer tissues to 
repress an excessive growth rate but rather as evidence of their failure 
to keep pace with it.^ In other words, the problem of cracking in the 
apple involves inability of the peripheral region to stretch or to grow 
as rapidly as it should when the fleshy portion of the fruit is enlarging 
at an abnormal rate. 

There is, of course, a considerable strain on these outer tissues as 
growth takes place, and when this strain becomes excessive, as it does 
when there is^ inadequate tangential growth or stretching, we may 
expect these tissues to be torn apart first at their weakest points. It 
has been observed in many instances that cracks in apparently sound 
tissue had their origin in hypertrophied lenticels. In lenticel hyper- 
trophy there is a considerable extension of cork tissue beyond the 
normal limits of the lenticel. According to Eames and MacDaniels 
{2), cork tissue in most plants is both inextensible and inelastic. In 
an epidermis under great strain because of disproportionate growth of 
epidermal and cortical tissues such localized areas of inextensible 
cork would mark points at which the tissues might first be pulled 
apart.^ TMs role of lenticels in cracking of apples probably is not of 
great importance, however, if we assume that the antecedent cause of 
cracldng lies in failure of the peripheral tissues as a whole to maintain 
an adequate rate of giowth. In the absence of lenticels cracks might 
occur almost as soon in uninterrupted tissue. No data are avafiable 
to show the percentage of cracks that originate in hypertrophied 
lenticels, but observation has shown that cracks frequently appear 
without relation to them. 
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The high incidence of cracldng in parts of the apple affected by 
russeting, sunburn, scab lesions, and other skin injuries can be attrib- 
uted directly to these abnormalities. Such modifications of the fruit 
periphery involve considerable areas in wMoh extensibility of the 
tissues is below normal. Tins is demonstrated by the photomicro- 
graphs of sunburned, spray-injured, and russeted tissues in plates 4, 
B and <7, and 5, respectively. In the first two instances the capacity for 
explansion of most of the tissue comprising the fruit skin has been 
prematurely halted by death of many cells in this region. In the 
case of russeted areas the tendency to crack has been aggravated by 
partial disruption of the hypodermal layer or by substitution of inex- 
tensible cork for the normal epidermal and subepidermal tissues. 
Freezing-point depressions of the cortex underlying these modified 
sldn areas have been shown (10) to be appreciably higher than under 
normal skin. Thus, abnormal tissue pressures in the cortex combine 
with subnormal extensibility of the peripheral layers of cells in making 
these sunburned, russeted, and otherwise injured portions of the apple 
especially prone to crack. 

We can only speculate as to the probable causes of the structural 
peculiarities that render exposed fruits of a susceptible variety of 
apple more likely to crack than others. It is known that exposure of 
plant tissues to direct sunlight increases transpirational water loss. 
Fruits most exposed to sunlight also are most exposed to wind and 
general air movement, which would tend further to remove water 
from their tissues. Cell growth, which can take place only when the 
cell is turgid, might thus be checked in periods of intense sunshine and 
high evaporativity, owing to a water-saturation deficit of the tissues. 
According to PaUadin (5) a severe water deficit promotes tlnckening 
of cell walls in the affected region. Thus, the premature cessation of 
cell growth and abnormal tfickening of cell walls associated with 
cracldng in exposed parts of Stayman Winesap apples might be con- 
sidered to result from the drying effects of their immediate environ- 
ment. Under conditions of prolonged hot, dry weather, especially 
when accompanied by soil-moisture deficiency, all of the fruits on a 
tree might be affected in a similar manner, but in various degrees, 
as a result of inadequate water supply to the outer layers of cells. 
Such a hypothesis would serve to explain the common observation 
that cracking is most likely to occur and affects the largest percentage 
of the crop if an abundant moisture supply is made available to the 
fruit following a protracted period of water shortage. 

Cessation or restriction of growth in hypodermal tissues underlying 
russeted areas (pi. 5, A), might be due to a prolonged water deficit 
resulting from excessive moisture loss through the overlying zone of 
cork, which, according to Baker (1), is much more pervious to water 
than is normal cuticle. When all or part of the hypodermal region is 
separated from the cortex and from contact with vascular elements by 
a layer of cork, as in plate 5, B, further growth of the hypodermal cells 
might be inhibited by reason of restricted passage of nutrients and 
water through the suberin-impregnated zone below them. Occasion- 
ally both the epidermal and the subepidermal tissues are completely 
replaced by cork. In all of these conditions associated with russeting 
the normal peripheral tissues have been replaced by tissues that are 
much less extensible and that, therefore, increase the susceptibility of 
the affected area to cracking. 
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There is no evidence indicating that the theory of Kertesz and 
Nebel (S) regarding the role of colloids in cracking of cherries is appli- 
cable to this phenomenon in apples. In all of the varieties studied the 
smallest cells and the tliickest cell walls (therefore, the greatest pro- 
portion of colloidal cell-wall materials) were found in the outermost 
tissues of the fruit. Upon excessive absorption of water in this region 
a condition should be approached just the reverse of that ^ which 
causes cracking; that is, there should be expansion of the peripheral 
tissues in excess of the requhements imposed upon these tissues by 
growth of the deeper-lying cortex. In the cortex, where an abnormal 
rate of swelling by absorption of water seems responsible for the tissue 
strain that promotes cracking, the proportion of cell-wall material to 
osmotically active cell contents is much smaller than in the outer tis- 
sues, because of the larger cell sizes and thinner cell walls in the cortex. 

Although some water may be absorbed through the skin of Stayman 
Winesap apples in periods of rain {10), most of the water supply per- 
meating the fruit in times of cracking seems to enter through the usual 
channels of the vascular system. If the cell walls of the cortex were 
able to imbibe this w-ater and swell appreciably before the peripheral 
tissues had been able to expand proportionately by the same process, 
we might expect cracking to occur in somewhat the ma^nner suggested 
by Kertesz and Nebel {S) for cherries. However, there is no reason for 
supposing that the deeper cortical tissues would have access to an in- 
creased flow of water in the vascular system very long before it reached 
the hypodermal layer, where, as pointed out, colloidal absorption and 
swelling would tend to prevent rather than to promote cracking. It 
has been shown {1 0) that detached Stayman Winesap apples, with stems 
and calyxes sealed wdth paraffin, may crack severely when they are 
held for a period of 48 hours under water. Thus, even when an in- 
creased water supply is made available first to the small, thick-walled 
cells of the outer tissues by absorption directly through the skin, 
relatively greater swelling takes place in the region of the larger, 
thinner-walled cells of the cortex, and cracking results. 

There seems to be little basis for assuming that the colloidal con- 
stituents oi the cell walls would play a more important part in swelling 
of the fruit than do the osmotically active constituents of the cell 
vacuoles. As pointed out by Shull (d), cell solutes and the colloids 
of the cell wall are approximately in equilibrium with respect to the 
degree in wMch their water-saturation deficits are satisfied. Therefore 
the water-absorbing powders of the cell colloids should not appreciabty 
exceed the osmotic value of the cell solutes at any given time. Al- 
though, as Kertesz and Nebel (S) point out, some colloids may exert 
an imbibitional force of as much as 2,000 atmospheres, such liigh 
values apply to colloids izi a dx'y, or nearly dry state, whereas in the 
flesh of a fruit such as cherry or apple the actual colloidal pressure 
must be only a small fraction of its potential pressure due to the degree 
of liydratiou that exists in such succulent tissues. It is more likely 
that the excessive swelling of the fleshy portion of the fruit in times of 
abnormal water supply is due to the combined hydration forces of all 
those constituents of the cell and cell wall that tend to draw water to 
themselves, including both colloidal substances and cell solutes, 
\vhich are component parts of the same equilibrated system. 
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SUMMARY 

Different varieties of apple, and different individual fruits within 
a variety, exhibit striking dift'erences in tendency to crack under the 
same environmental conditions. In an attempt to find a histological 
basis for the explanation of such differences fruit tissues of Stayman 
Winesap, a variety highly susceptible to cracking, and comparable 
tissues of five varieties usually immune, were sectioned and stained 
for microscopic study. 

Ill most of the sections of Stayman Winesap that were examined, 
and especially in tissues in which cracking already had occurred and 
in those characterized by certain abnormalities commonly associated 
with cracking, there was definite evidence of premature cessation or 
retardation of growth in the peripheral tissues. In the epidermis the 
cells had been separated into small groups and the intervening spaces 
were filled with cutin, which thus preserved the continuity^ of the 
epidermal layer. This condition of the epidermis was evident in both 
cracking and noncracking varieties, however, and the structure and 
growth habit of the epidermis are not considered of great importance 
in determining the degree of susceptibility of a variety to cracking. 

In Stayman Winesap the hypodermal layer of cells likewise showed 
clear evidence of an inadequate growth rate late in the season, as these 
cells were much elongated tangentially, suggesting that recent enlarge- 
ment of the fleshy portions of the fruit had been accommodated in the 
hypodermis primarily by tangential stretching. In noncracking vari- 
eties the cells of the hypodermis were nearly isodiametric in cross- 
sectional outline, and evidently had maintained a growth rate pro- 
portional to that of the underlying tissues. 

On the basis of these investigations there is advanced a hypothesis 
that the susceptibility of Stayman Winesap apples to cracking is due 
chiefly to premature cessation or restriction of growth in the hypo- 
dermal layer. Upon unusual acceleration of growth in ^ the fruit 
cortex, as under conditions of very high atmospheric humidity with 
its attendant increase in tissue hydration, the limit of extensibility of 
the hypodermal layer soon is reached and further expansion of the 
tissues beneath leads to cracking. The phenomenon of cracking, there- 
fore, probably should be regarded, not as a result of failure of the 
peripheral fruit tissues to repress an excessive growth rate of the 
cortex but rather as a result of their failure to keep pace with it. 

This premature retardation of growth in the hypodermal layer seems 
to be related in some manner to exposure of the fruit to sun and general 
air movement, as the condition is greatly accentuated in tissue so 
exposed and is virtually absent in tissues of densely shaded fruits. 
Abnormal susceptibility to cracking in sunburned, spray-injured, and 
Tusseted areas is due to special types of structural weakness in the 
parts involved. 

LITERATURE CITED 

(1) Baker, Clarence E. 

1931. A STUDY OF THE SKIN STRUCTURE OP THE GRIMES APPLE AS AF- 
FECTED BY DIFFERENT TYPES OF INJURY'. Amcr. SoC. Hoxt. Sci. 

Proc. (1930) 27:75-81, illus. 

(2) Eames, Arthur J., and MacDaniels, Lawrence H. 

1925. AN INTRODUCTION TO PLANT ANATOMY'. Ed. 1, 364 pp., llluS. 

New York. 

., 111469 — 38 — 3 ' 


824 


Journal of Agricultural Research 


Vol. 67, No. 11 


(3) Keetesz, Zoltan L, and Nebel, B. B. 

1935. OBSEEVATIONS ON THE CRACKING OP CHERRIES. Plant PllVSiol 
10: 763-772, illus. 

(4) Magness, J. R., and Diehl, H. C. 

1924. PHYSIOLOGICAL STUDIES ON APPLES IN STORAGE. Jour. Agr. Re- 
search 27: 1-38, illus. 

(5) Palladin, V. I. 

1923. PLANT PHYSIOLOGY. Authorized English Transl. ... by Burton 

Edwai-d Livingston. Amer. Ed. 2, 360 pp., illus. Philadelphia. 

(6) Shull, Charles A. 

1924. IMBIBITION IN relation TO ABSORPTION AND TRANSPORTATION OP 

WATER IN PLANTS. Ecology 5*. 230-240. 

(7) SoRAUER, Paul. 

1922. MANUAL OP plant DISEASES. . . . Transl. by Frances Dorrance. 
908 pp., illus. [Wilkes-Barre, Pa.] 

(8) Tetley, Ursula. 

1930. A STUDY OP the ANATOMICAL DEVELOPMENT OP THE APPLE AND 

SOME OBSERVATIONS ON THE ‘^PECTIC CONSTITUENTS^' OP THE 

CELL-WALLS. Jour. Poiuology and Hort. Sci. 8: 153-172, illus. 

(9) Tucker, Lowell R. 

1934. A VARIETAL STUDY OP THE SUSCEPTIBILITY OP SWEET CHERRIES TO 

CRACKING. Idaho Agr. Expt. Sta. Bull. 211, 19 pp., illus. 

(10) Yernbr, Leip. 

1935. A physiological study OP CRACKING IN STAYMAN WINESAP APPLES. 

Jour. Agr. Research 51: 191-222, illus. 

( 11 ) 

1937. A STUDY of GROWTH RATES IN STAYMAN WINESAP APPLES. Amer. 
Soc. Hort. Sci. Proc. 35: 128-131, illus. 

(12) and Blodgett, E. C. 

1931. PHYSIOLOGICAL STUDIES OP THE CRACKING OP SWEET CHERRIES. 

A PRELIMINARY REPORT. Idaho Agr. Expt. Sta. Bui. 184, 15 
pp., illus. 

(13) ZsCHOKKE, A. 

1897. UEBER DEN BAU DER HAUT UND DIE URSACHEN DBR VERSCHIEDENBN 
HALTBARKEIT UNSERER KERNOBSTPRIJCHTE. Landw. Jahrb. 

Schweiz 11: 153-197, illus. 


PHYSIOLOGICAL CONDITIONS WHICH PRODUCE WING 
DEVELOPMENT IN THE PEA APHID ^ 

By Carl W. Schaefer 

Instructor in economic entomology ^ TFiscowsin Agricultural Experiment Station 

INTRODUCTION 

An investigation was conducted during 1935 and 1936, from which 
data are presented that seem to clear up the existing confusion in 
regard to the appearance of wings among aphids, and to show more 
precisely the influence of the physiological “water balance’^ within 
aphids upon this phenomenon. 

Various theories have been advanced to account for the presence or 
absence of wings among aphids, yet none of them has been entirely 
satisfactory. Production of wings has been associated with such 
epigenetic factors as temperature (^0, 19),^ light {16, 24 ) y starvation 
(9, 10), wilting of the host {15), crowding {35), and chemical com- 
position of the host plant {21). The appearance of large numbers 
of alate aphids on wilted and crowded plants, either in early spring, 
midsummer, or under greenhouse conditions when the environments 
are different, suggests that climatic conditions are not the primary 
cause of wing development. The appearance of winged forms among 
progeny of aphids removed from plants and starved, indicates that 
unfavorable conditions of the host are only secondary influences on 
some physiological condition of the aphid. Recently it has been 
suggested by Ackerman {!) and Rivnay {23) that the physiological 
conditions which influence the wing formation are determined by 
the “water balance’^ within the aphid. 

Correlation of moisture conditions and wing production are evident 
in the association of wilting of the host plant and starvation of its 
aphid population. However, the results of all investigators do not 
agree on this point. The first part of this investigation is devoted 
to experiments to show the probable reasons for these conflicting 
results, while the second part is devoted to a presentation of direct 
evidence relative to wing production, obtained from chemical, ana- 
tomical, and biological studies of the aphid. 

METHODS 

The pea aphid, Macrosi'phum pm (Kalt) was used in this investiga- 
tion. Experiments designed to show the effect of aphid population 
upon appearance of winged forms were started with apterous fourth- 
stage individuals from parents which previously had fed on young 
succulent pea seedlings {Pisum sativum yar. Alaska). These aphids 
were placed on experimental pea seedlings which were separated 
into the following height classes: ^ 2 to 3 inches, 3 to 4 inches, and 5 to 
6 inches. Three aphid populations obtained by placing 6, 12, and 
20 adults on a plant, were tested on individual plants of the three 
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height classes. These adults were allowed to reproduce on the plants 
up to 48 hours, at which time they were removed. Their progeny 
were allowed to remain on the plants until all had reached the third 
iiistar because this stage is the first in which the alate and apterous 
condition can be identified easily. 

The pea seedlings used in the experiments were sprouted in saw- 
dust and then transferred to Erlenmeyer flasks containing a complete 
nutrient solution. This solution contained 35.4 mg Ca(N03)2, 20.4 
mg KH2PO4, 18.5 mg MgS04. 7H2O, and a trace of FeCla. 6H2O in 
120 cc of distilled water. 

The tops of these flasks were squeezed through 1-inch holes spaced 
4 inches apart in strips of stiff linoleum 4 inches wide and 15 inches 
long. Care was taken to have the black surface of the linoleum 
upward and to have the holes small enough to hold the flask snugly 
by the rim. The linoleum was supported by two 15-inch laths placed 
under it against the necks of the flasks and at right angles to the 
siipporting two by fours (fig. 1). Lantern globes placed on the flat 


Figuhe 1. — Lantern-globe cages and working bench employed in the investiga- 
tion. • 

surface of the linoleum made aphid-tight enclosures around the 
plants. Winged and wingless aphids, when shaken from the plants, 
fell onto the black surface of the linoleum where they were separated 
and quickly counted. 

The starvation experiments were started with fourth-stage and 
adult apterous forms of apterous parentage. Some of them were 
wilted plants and others were isolated in cheesecloth cages. 
* analyses, large numbers of aphids w^'ere collected 

in altaiia and pea fields by the sweeping method. Immediately after 
the aphids were collected, they were separated into the followung 
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classes: (1) First- and second-stage nymplis; (2) fourtli-stage apterous 
forms; (3) fourth-stage alate forms; (4) adult apterous forms; and 
(5) adult alate forms. Sorting of the apliids was best accomplished 
by dumping them onto the polished surface of a black photographic 
squeegee board. Apliids crawling out from the center of the board 
were separated and sucked into vials with the aid of a rubber tube. 
They were placed in air-tight rubber-stoppered vials in order that 
the moisture given up by the aphids in transit to the laboratory might 
be weighed and included in the determinations. 

After each sweeping, a number of aphids in each stage were placed 
on balsam on a glass slide. A small amount of xylol and a cover glass 
were dropped over them, and the slides were taken to the laboratory 
where they were examined under the microscope. All aphids pre- 
pared in this manner and all unprepared specimens examined were 
identified as Macrosiphum pisi. 

Collections from alfalfa {Medicago sativa L.) were made on May 7, 
13, and 21 and those from peas on June 12 and 13, 1936. A sufficient 
number of stem mothers and their nymphs, apterous first-generation 
adults, and a large number of fourth-stage and adult alate individuals 
were collected on alfalfa. On peas a sufficient number of fourth- 
stage apterous forms was available, but only a very few alate adults. 
So, from both sources a sufficient number of the different forms 
was obtained for comparing the quantitative compositions. 

Live weights of the aphids were obtained by subtracting the weights 
of the empty airtight rubber-stoppered vials at room temperature from 
the weights of the vials with aphids. Dry weights were obtained in 
a like manner after the vials had been 48 hours in a vacuum oven. 
A known dry weight of aphids was then placed in Whatman^s No. 40 
double acid- washed filter paper, put in an extraction thimble in a 
Caldwell extracting tube, and extracted with anhydrous ether in the 
usual manner. 

The protein content of fat-free aphids was determined by the 
macro-Kjeldahl {1^) and semimicro-Kjeldahl {30) methods. 

Sugar analysis was determined by Elser’s titration method (7). 
A Imown weight of 50 to 100 mg of fat-free aphids were weighed into a 
50-cc beaker. About 4 cc of warm water was added and in this the 
aphids were macerated. The beaker with the aphid solution was 
kept for the next 12 hours between 35*^ and 40° F. and the total 
volume was then brought to 10 cc in a volumetric flask and^ 3-cc 
aliquots were examined in the usual manner for invert and higher 
sugars. 

Serial sections of alate and apterous aphids were obtained by the 
paraffin method of preparation. Microdissections were made on 
apliids embedded in paraffin under water. 

The volume of honey dew excreted by the pea aphid was measured 
hy counting the number of drops expelled and obtaining their diameter 
under a stage micrometer. The drops were collected on sheets of 
cellophane wliich were placed daily inside the regular cages in which 
the aphids were confined. 
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MAXIMUM PRODUCTION OF ALATB PROGENY AND CONDITIONS 
WHICH INDUCE IT 

Investigators generally agree that winged parents give birth to 
wingless progeny, {S3, 25), but all the results reported regarding the 
appearance of winged progeny of apterous parents do not agree. 
Kyber {15), Walker {S2), Gentry {8), Mordwilko {18), and Davis and 
Wliitehead {6) associated the appearance of winged forms with 
“underfeeding” of the aphids. Slingerland {26) reported that lack 
of food or crowding produced dwarfed apterous forrns. Tannreuther 
{29) and Bomer {2) associated the appearance of winged forms with 
abxmdance of food. Davidson 4) and Mason {17) found no increase 
of alate individuals on unsatisfactory food. 

The probable explanation of _ these conflicting reports is partly 
shovm by a simple experiment in which plants of three _ arbitrarily 
chosen heighth classes, were used each with three arbitrarily selected 
populations. The results of this experiment are given in table 1 
and shown graphically in figure 2. These results indicate not only 
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Figubb 2. — Relation of ability of plants to support populations of aphids (^4) and 
appearance of winged individuals (J5). 

that the ability of a pea plant to support an aphid population tends 
to decrease as the size of the plant decreases and as the size of the 
population increases, but also that the number of winged individuals 
tends to increase as the population increases, as the ability of the plant 
to support populations decreases, and as the size of the plant decreases. 
The correlation between appearance of winged forms and size of 
population is not so striking as the correlation between the appearance 
of winged forms and the size of plant. Tables 2 and 3 likewise show 
tliis lack of uniformity. However, these results may be explained 
by the possible variation in the physiological conditions of the plant 
or the aphids. 
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Table 1 . — The effect of size of population and of host upon the ability^ of the plant to 
support populations of pea aphids, and upon the appearance of winged for^ns 


Height of plants, and period 
adults were on them 

Item 


/Adults number. . 

Total progeny do 

Average progeny per plant— .. do— 

5 to 6 inches; 48 hours 

^ Progeny reaching'thifd instar do 

Average progeny per plant to 3d instar. _do 

Progeny reaching third instar percent.. 

Alatft , .nurnber., 

3 to 4 inches; 24 hours 

do .percent.. 

/Adults - num ber. . 

Total progeny do 

Average progeny per plant do 

Progeny reaching third instar do 

( Average progeny per plant to third 

instar do 

2 to 3 inches; 20 hours. 

Progeny reaching third instar. percent.. 

Alate.. number.. 


/Adults.. - .number.. 

Total progeny do 

Average progeny per plant do — 

Progeny reaching third instar _.do 

< Average progeny per plant to third 

instar ...do 


Progeny reaching third instar percent.. 

Alate number.. 

^ do ..percent.. 



Data for populations 
produced by placing 
indicated number of 
adults on plants 


6 

12 

20 

24 

48 

80 

321 

631 

935 

80.2 

167.8 

233. 8 

321 i 

532 

704 

80.2 j 

133.0 

176. 0 

100.0 

84.3 

76.3 

31 i 

120 

71 

9.7 1 

22. 5 

10.1 

36 

72 

120 

260 

462 

729 

43.3 

77.0 

121.5 

260 

416 

505 

43.3 

69.3 

84. 2 

100.0 

90.0 

69.3 

128 

241 

417 

49.2 

67.9 

82.6 

23 

37 

61 

160 

275 

268 

40.0 

68.8 

67.0 

160 

32 

' ■ 28 

40.0 

8.0 

7,0 

100 

1 11.6 

10. 4 

150 

1 ■ 24 

28 

93.8 

76.0 

100. 0 


The foregoing experiment was modified to show the effect of previous 
nutrition of parent aphids on the production of alate offspring. 
Aphids were allowed to remain on test plants from 20 to 48 hours, and 
then transferred to a set of comparable plants which had not previously 
been infested. The results for the 2- to 3-inch plants and the 3- to 4- 
inch plants are given in tables 2 and 3. Aphids which fed on the 2- to 
3-inch plants with one exception (table 2) and which had formerly 
given birth to large numbers of alate forms failed to maintain their 
previous ratio of alate offspring. Those aphids on the larger plants 
with one exception (table 3) increased their ratio of alate offspring. 

These results support the contention of Kyber (15) that underfeed- 
ing IS associated with the appearance of wings, provided the parent 
aphids have previously been on succulent food. ^ They also support the 
contention of Slingerland (^6) that underfeeding is associated with 
the appearance of “dwarfed” apterous forms, provided the parent 
aphids have previously been subjected to poor feeding conditions and 
have given birth to considerable numbers of winged forms. In one 
case an abundance of winged forms was obtained while in the other a 
larger number of apterous forms resulted. 
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Table 2. — Effect of size of population on the ability of plants to support pea aphids 
and on the appearance of xcinged forms, compared on plants 2 to S inches in height 
during consecutive periods of 20, 2^, and S6 hours 


Eeprodiietion period of adults 
on plants 

Item 


Data for populations 
produced by placing 
indicated number of 
adults on 4 plants 

6 

12 

20 


/Adults - 

..number.. 

23 

37 

61 


Total progeny 

do.... 

160 

275 

268 


Progeny reaching third instar 

do 

160 

32 

28 


Average progeny per adult 

do 

7.0 

.9 

.5 

First 20 hours * 

\ Average progeny per plant to third instar 






number.. 

40.0 

8.0 

7.0 


Alate - 

-do — 

150 

24 

28 


l...do — - 

-.percent-- 

93.8 

75.0 

100.0 


/Adults 

..number.. 

23 

24 

61 


Total progeny 

do 

139 

169 

233 


Progeny reaching third instar 

do 

139 

133 

122 

Next 24 hours ^ 

Average progeny per adult 

do 

6.0 

5.5 

2.0 


Average progeny per plant 

do 

34.8 

33.2 

30.5 


Alate 

do 

129 

107 

114 


do 

_ .percent.. 

92.8 

80.4 

93.4 


/Adults 

..number.. 

18 , 

24 

37 


Total progeny 

do — 

172 

145 

313 


Progeny reaching third instar 

do 

172 

67 

118 

Next 36 hours 

Average progeny per adult 

do 

9.5 

2.8 

3.2 


{Average progeny per plant 

do 

43.0 

16.8 

29.5 


Alate 

do 

116 

28 

88 


l--.do 

..percent.. 

67.4 

41.8 

74.6 


/Adults 

..number.. 

64 

85 

159 

1 

Total progeny 

do — 

471 

589 

814 

i 

Progeny reaching third instar 

do — 

471 

232 

268 

Total., - N 

Average progeny per adult,... 

do 

7.4 

2.7 

1.7 


Average progeny per plant 

do 

39.2 

19.3 

22.3 

1 

Alate - 

do 

395 

159 

230 

' 

.....do 

-.percent-- 

83.9 

68. 5 

85.8 


Table S. — Effect of size of population on the ability of plants to support pea aphids 
and on the appearance of winged forms, compared on plants S to 6 inches in height 
during 4 consecutive 48-hour periods 




Data for populations 




produced by placing 

48-hour period adults were i 

Item 


indicated number of 

on plants 



adults on 4 plants 




6 

12 

20 


/Adults 

. -.number.- 

24 

48 

80 


Total progeny 

do 

321 

631 

935 


Progeny reaching third imstar 

do.... 

321 

532 

704 

First 

Average progeny per adult 

do 

13.4 

11.1 

8.8 


Average progeny per plant 

do 

80.2 

mo 

176. 0 


Alate - 

-do-_._ 

31 

120 

71 


..do 

...peieent.. 

9.7 

22.5 

10.1 


/Adults 

.. .number __ 

24 

47 

79 

■ , i 

Total progeny.. 

do — 

318 

622 

888 


Progeny reaching third instar 

do 

318 

618 

786 

Second. _ j 

Average progeny per adult 

do.... 

13.3 

13.1 

9.9 


Average progeny per plant 

do — 

79.5 

154.5 

196. 5 

1 

Alate 

- do — 

1 

206 

260 



-..percent-. 

.3 

33.3 

33.1 

j 

/Adults 

...number.. 

23 

1 36 

79 


Total progeny 

-.---.do.... 

290 

442 

771 


Progeny reaching third instar... _. 

do.... 

290 

442 

768 

Third. --...-...V 1 

Average progeny per adult, 

(Jo 

12 6 

12. 3 

9 7 


Average progeny per plant 

------do 

72 ! 6 

im5 

192.0 


Alate 

do 

1 

189 

293 


,.--.do 

-. .percent.. 

.3 

42.8 

38.1 


/Adults 

.number. _ 

22 

46 

76 


Total progeny. 

.do.... 

299 

622 

894 


Progeny reaching third instar 

...... do 

299 

622 

894 

Fourth...... ■ ■ 

Average progeny per adult.... 

— ...do—. 

13.6 

13. 5 

11.8 


Average progeny per plant.. 

— ..do.... 

74.8 

155.5 

223. 


Alate-...,.. 

......do.... 

9 

136 

306 

J 


...percent.. 

3. 0 

21.8 

34.2 


s Sonie jonng of il adults on 1 plant escaped, therefore only data for 36 adults were included here. 
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RESULTS OF STARVING APTEROUS PARENTS IN THE FOURTH 
INSTAR AND IN THE ADULT STAGE ON SUBSEQUENT PRODUC- 
TION OF ALATE PROGENY 

Winged offspring appear among the progeny of starving apterous 
parents and of apterous parents placed on wilted plants, according to 
the results of Goldi (5), Gregory {10) , Wadley {SI), Ackerman (i), 
Eeinhard Shull {25), and others. ^ This phenomenon also was 
noted in preliminary observations in this investigation. However, it 
was discovered that when fourth-stage a];:)hids were starved or placed 
on wilted or semiwilted plants, few alate individuals appeared among 
the progeny (table 4 ) . 

Table 4. — Difference in appearance of winged forms ainong the progeny of pea 
aphids starved in the fourth stage and of those starved in the adult stage 

[Wilted and semiwilted plants used] 


Item 


Adults 

Progeny reaching third instar. 

Alate 

Do 


Fourth- 
stage aphids 


Adult 

aphids 


. number -- SO 

....do.— 153 

do 5 

.percent— 3.3 


80 

247 

81 

32.8 


This experiment was repeated with (1) aphids that were kept con- 
stantly on succulent pea seedlings as a check, (2) aphids that wei'e 
removed from the succulent food for a period of 12 hours and then 
returned to their food plants, and (3) aphids that were removed for 
a period of 24 hours and then replaced on the plants. Aphids in group 
1 were weighed when the experiment was started. All aphids of the 
latter two groups were weighed when they were removed and also 
when they were replaced. After they were returned to the plants 
they were allowed to reproduce for a period of 46 hours; then 
transferred to another group of plants and left for a period of 15 hours. 
Again they were transferred and left on a third group of plants for a 
period of 10 hours. 

The results of this experiment are given in table 5. As in the 
previous experiment, the starved adults produced a higher propc)rtion 
of alate progeny than those starved in the fourth stage. In addition, 
the experiment substantiates the view of Klodnitski {IS) that the 
winged ^^anlage'’ are checked when prospective alate-producing 
adults are replaced on succulent growth. 
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Table B.— Difference in appearance of winged forms among the progeny of pea 
aphids starved in the fourth stage and of those starved in the adult stage 


Weight of aphids and 
period elapsed 


Pourth-stage aphids 

Adult aphids 

Item 

Not 

starvedi 

Starved 
12 hours 

Starved 
24 hours 

Not 

starved 

Starved 
12 hours 

Starved 
24 hours 

Average weight before 


1.71 ■ 

1. 70 

1.70 

2.44 

2. 29 




2.41 

Average weight before 



1.28 

1.26 

2.44 

1. 96 



1.71 

1.88 


fAduits. number.. 

10 ! 

8 

6 

10 

8 



Progeny reaching third 
■1 instar ...number.. 

37 

8 

3 

117 

49 

42 


fAlate do — 

3 

0 

0 

4 

15 

28 


[....do percent.. 

8.1 


0 

3.4 

30.6 

66.7 


[Adults number.. 

10 

4 ' 

6 

10 

5 

5 

Next 15 hours.*. 

Progeny reaching third 
instar number.. 

60 1 

16 

30 

85 

43 

29 


Alate do — 

4 i 

1 

0 

0 

1 

6 


[ do percent.. 

6.7 ! 

6.3 

0 


2.3 

20.7 


[Adults number— 

6 

3 

4 

! 10 

5 

5 

Xe.xt 10 hours 

Progeny reaching third 
instar— number.. 

31 

15 

26 

56 

30 

23 


Alate - do — 

1 

0 

0 

0 

0 

2 


[ do percent-. 

3.2 

0 

0 

0 

0 

8.7 


[Adults number. . 

26 

15 

15 

30 

18 

17 

Total... 

Progency reaching third 
instar number.. 

128 

39 

59 

258 

122 

94 


Alate do 

8 

1 

0 

4 

16 

36 


1 do percent— 

6.2 

2.6 

0 

1.6 

13.1 

38.3 


QUANTITATIVE CHEMICAL ANALYSES OP ALATE AND APTEROUS 

APHIDS 


Siicli phenomena as the lack of winged forms among the progeny of 
winged parents and of apterous parents subjected to unfavorable 
conditions in the fourth stage^ and the inability to continue maximum 
production of winged forms, indicates that the controlling wing-pro- 
ducing mechanism is influenced by an accumulating and diminishing 
process of some sort. Ackerman (!) recognized the presence of such a 
changing process, and from a study of fat globules he concluded that 
the appearance of winged forms of the grain aphid was ^ ^dependent 
upon changes in the proportion or concentration of certain materials 
in the haemolymph as brought to pass by the rupture of the brown 
globules'^ (f , p, 59). 

When the pea aphid was examined for type of globule content, 
there were found a large number of small, greenish, “plastidlike” 
structures that appeared to be fatty in nature, small clear globules and 
large clear globules, but no distinct brown globules. 

Under close examination the number of globules, both the green 
and the clear, seemed to vary in the different aphids examined. This 
apparent difference prompted a quantitative analysis of different 
forms of the aphid. The results of the analysis are shown in tables 6 
and 7. Differences in fat and moisture content are greater than 
differences in protein and sugar content. The fat content of the 
winged forms is greater than that of the apterous forms and the 
moisture content is smaller. ^ Nymphs have a greater fat content than 
their mothers, but there is little difference in the moisture content of 
the two forms. 



Table 7.— -Sugar content of aphids collected from alfalfa and peas in 1936 


834 


Journal of Agricvltural Research 


Tol. 57, 



Dec. 1 , 1038 Con ditions Producing Wi/ng Develo'pinent in Pea Aphid 835 


The protein content of adults is greater than that of immature 
forms and the protein content of alate forms is greater than that of 
apterous forms (table 6). 

The sugar content of aphids collected from peas is noticeably 
lower than that of aphids collected from alfalfa. Apterous adults 
collected from alfalfa have a greater sugar content than all other 
forms collected on alfalfa, but apterous adults collected from peas 
have a lower sugar content than all other foims collected from peas. 

The greater fat content of alate forms probably constitutes a 
source of reserve energy for use during migration. Nymphs have a 
greater fat content than their mothers probably because of the 
presence among them of a number that are destined to become 
alate. Apterous and alate adults might have a greater protein 
content than their nymphs because of the presence of developing 
young in their abdomens. Alate forms might have a greater protein 
content because of the presence of large wing-propelling muscles. 
IDifferences in the sugar content of aphids collected from alfalfa and 
those collected from peas are not well undei'stood, but it may be 
that aphids feeding on peas take in more fluid than those feeding 
upon the less succulent alfalfa. As more fluid is ingested more will 
be egested and there will be a better opportunity to void the un- 
necessary sugars. 

FOOD SOURCE, NATURE OF FOOD, AND STRUCTURE OF THE 
DIGESTIVE TRACT OF APHIDS 

Aphids are known to penetrate to the phloem vessels (5, 1/, S7, 
28). Davidson (5, p. 51) observed that — 

Aphids appear to feed almost continuously and large quantities of soluble carbo- 
hydrates are taken up in the cell sap. As "these insects do not possess Malpighian 
tubules, the waste products, including surplus sugars, are passed out through 
the anus. 

The Alimentary tract of the pea aphid was found to possess fea- 
tures similar to those of other aphids. Except for size and slight 
differences in arrangement, the digestive tract resembled that described 
for Schisoneura Imiigera hj Davidson (3). The entire length of the 
large intestine lies proximal to the stomach but does not lie partly 
enclosed in the stomach epithelium as was described by Knowlton 
(14) for Longistigma caryae. In some cases the stomach and large 
intestme were held together by tracheae, but these were easily 
pulled away. The cross sections show that the small intestine 
possesses a reduced lumen having the form of a T, The large cells 
of the thick intestinal wall contain large nuclei. The presence of 
these large nuclei indicate a probable excretory function. No 
malpighian tubules were found. ^ 

The passage of the excess fluid through the body of the aphid is 
summarized by Wigglesworth {S4j p. 4<^5) as follows: 

But instead of the superfluous fluid being taken into the blood and then elimi- 
nated by the Malpighian tubes in the manner just described [for blood-sucking 
forms], a dilated loop of the fore-gut, the “filter chamber,” with very delicate 
walls, is invaginated into the rectum; the unwanted fluids are here absorbed, 
or perhaps simply filtered, directly into the terminal part of the hind-gut; and 
so come to be discharged again to" the exterior as honey dew, manna, and such- 
like products. 
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Aphids must take in large quantities of plant sap in order to obtain 
the supply of nitrogenous food that is necessary for rapid reproduction. 
This sap is mostly moisture, and since a large amount of xmnecessary 
carbohydrates are in solution, the problem becomes one of quickly 
voiding the liquid and the unnecessary waste products. The struc- 
ture found in aphids apparently satisfies the requirements for rapid 
elimination of moisture and carbohydrates. 

VOLUME OF HONBYDEW EXCEETED BY THE PEA APHID 

Aphids appear to feed continuously, at least on succulent growth, 
so there is reason to believe that the quantity of honeydew excreted 
over a period of time is large. To find the exact amount would be 
a tedious procedure, but a relative amount was determined by count- 
ing the number of drops expelled by the aphid and measuring 
their diameter. 

This was done with aphids from a crowded population and with 
those from an unorowded population. Five groups of about 20 
aphids each were taken from these populations and immediately 
placed on fresh succulent 8-inch plants. For a check, 23 aphids 
were taken from an uncrowded population and placed in a cage with 
no feed. The aphids from the uncrowded population (table 8) 
produced more honeydew than those taken from the crowded popu- 
lation, while aphids which were not allowed to feed on plants during 
the 24 hours produced no honeydew. 


Tablb S . — Nxmher and size of drops of honeydew excreted hy pea aphids from a 
crowded population and by those from an uncrowded population 


Adults taken 
from— 

Adults 

per 

plant 

Drops of honeydew per 
24“hour period 

Adults taken 
from— 

Adults 

per 

plant 

Drops of honeydew per 
24"hour period 

Total 

Average 

number 

per 

adult 

Size 

Total 

Average 

number 

per 

adult 

Size 

IJ n c r 0 w d e d 
plants.. 

Num~ 

ber 

20 

20 

16 

18 

16 

Num- 

ber 

190 

176 

166 

203 

157 

Num- 

ber 

9.5 

8.8 

10.4 

11.3 

9.8 

Microns 

jeoo-soo 

Crowded plants. 

Tntfi] 

Num- 

ber 

f 18 
19 

\ 17 

15 

( 15 

Num- 

ber 

162 

115 
146 

116 
125 

Num- 

ber 

9.0 

6.1 

1 8.6 
7.7 
8.3 

Microns 

|400-650 

Total—... 

90 

882 

9.9 

■ 

84 

664 

i 

7.9 





The residues of the honeydews of the two groups of aphids appeared 
quite different under the microscope. This suggests that the compo- 
sition varied, but as this information was obtained in only a prelimi- 
nary way, no analyses were made. These observations, however, 
show that a careful study of this subject would add a great deal to the 
knowledge of the physiology of these insects. 

xifter the completion of this investigation, a paper by Smith {^8) 
appeared which describes a method of determining the relative rate 
of feeding of the mealy plum aphid by counting the drops of excre- 
ment thrown by the aphids onto sheets of paper. Smith found that 
aphids feeding as a group produced fewer drops of excrement per adult 
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than aphids which were isolated, and that under high temperatures 
fewer drops were produced than under lower temperatures. 

The results of the two investigations are quite similar. Although 
the mealy plum aphid produced a greater number of drops per hour 
than the pea aphid, in both instances the aphids under the crowded 
condition produced fewer drops of honey dew than those under the 
uncrowded condition. 

Since no honeydew was produced by the starved apliids, there 
appears to be a relationship between the volume of honeydew excreted 
and the intake of plant sap. The results obtained by Smith when 
aphids were subjected to high temperature, however, may be due not 
to the lack of intake of food but to the rapid evaporation of moisture 
from the bodies of the aphids. This investigation shows that rapid 
evaporation of moisture from aphids does take place, and that under 
low atmospheric humidity evaporation takes place more rapidty. 
Therefore it is not surprising that more alate forms should appear 
under these conditions (23), 

ASSOCIATION OF WING APPEABANCE WITH A DECREASED VOLUME 

OF HONEYDEW AND A CONCENTRATION OF BODY CONTENTS 

Crowding and starvation have been shown to be associated with 
an increase in the appearance of winged forms, and the volume of 
honeydew produced by aphids has been shown to decrease under such 
conditions. The appearance of winged forms, therefore, accompanies 
a decrease in the volume of honeydew excreted. 

A consideration of the cause of the decreased amount of excretion 
brings us now to the realization that the concentration of the body 
content itself is associated with the appearance of wings. Evidence 
pointing to this was first presented in the starvation experiments, 
where it was shown that aphids lost weight very rapidly. After 12 
hours, aphids previously weighing 2.29 mg had dropped to 1.96 mg. 
After 24 hours those weighing 2.41 mg had dropped to 1.88 mg (table 
5). Later, in the trial moisture determination, this loss in weight was 
indicated as being due to loss of moisture. Aphids kept 3 to 4 hours 
showed a very definite decrease in moisture content as compared with 
those examined immediately after removal from the plants. On 
cloudy days this decrease was less noticeable than on bright, sunny 
days."' 

Since there were too few aphids in the starvation experiment to 
warrant quantitative determination, a large number of adults were 
collected from a pea field, mixed thoroughly in a screen cage, and then 
divided into three groups. Analysis of the first group was started 2 
hours after collecting, that of the second group 30 hours after collect- 
ing, and that of the third group, 55 hours after collecting. 

This experiment definitely showed (table 9) that as the moisture 
content decreased, the protein and ether extract increased. These 
results, which are to be expected, show more precisely the condition 
in which the evaporation of moisture leaves the aphid. They empha- 
size further that aphids not only excrete moisture in honeydew, but 
also give it up very rapidly by evaporation. 
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T iBLE 9. -Decrease in moisiure content and xoeight, and consequent increase in 

protein and ether extract content of three groups of starved pea aphids 


Item 

Eesults after- 

- 

2 hours 

30 hours 

55 hours 


Weight of aphids - - " 

Moist ure content. — percent . . 

Protein content — 

Ether extract - - - ao_— i 

2. 4530 
72.9 

12.5 

7.2 

1. 2929 
65.3 

19.1 

8.4 

0. 7291 
50. 4 
30.0 
11.7 


Winged appearance^ therefore, is associated with concentration of 
body tiiiids brought about not only by the probable intake of more 
concentrated food but also by the rapid evaporation of moisture from 
the body of the aphid. 

DISCUSSION 

In the interpretation of these results, we must consider that the 
concentration of body fluids in the parent occurred either just before 
or within the period of the time of determination of the development 
of wings in the oftspring. The length of this period is not definitely 
known ( 23 )^ but whatever it is, the accumulation of the products or 
the concentration of body contents in the offspring must begin before 
this period is ended. If it occurs too early in the parent, for instance, 
when the prospective adults are still in the fourth stage, and if they 
are left on scant food, these products would be used before the adult 
had attained the reproductive stage, and, as was found to be the case, 
the progeny would have no wings. If parents are continued under 
unfavorable conditions, as was shown, the accumulated products 
would be used for the production of wings in the first young, but would 
not be sufficient to supply the later young. If adults are starved, as 
was shown, and then replaced on good succulent growth, the accumu- 
lated products would be used in the production of wings of the first 
young, but as the rate of the incoming fluid returned to normal and 
there was again enough to carry the w-aste products from the body of 
the parent, no more winged offspring would develop. Likewise, if 
prospective adults were kept on good succulent growth the products 
would not have an opportunity to accumulate and winged offspring 
would not develop. More winged offspring occurred on young 
plant seedlings, probably because the sap in these plants is more 
concentrated. Parents not ingesting a sufficient volume of fluid from 
these plants would soon have a large concentration of wing-producing 
products. 

Winged adults subjected to unfavorable conditions would not be 
expected to produce many alate young because most of the products 
would be used in the development of their own muscles and wings. 
In naUire they migrate to succulent growth and there the succulent 
food inhibits the development of wings. Only under the severest 
conditions would alate mothers be expected to accumulate enough of 
these products for the development of winged offspring. 

Information presented in this investigation is applicable to cir- 
cumstances wherein prediction of migrations is desired. Lack of 
available moisture or heavy early infestations are almost certain to 
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be followed by the appearance of large numbers of migrants regardless 
of other conditions. During the spring of 1936 a limited rainfall 
brought on such conditions and in one field under observation it was 
estimated that 90 percent of the aphids of the first generation were 
winged migrants. These early migrants cause an early initial infesta- 
tion of field peas, which later leads to heavy losses where adequate 
control measures are not employed. 

SUMMARY AND CONCLUSIONS 

The appearance of winged offspring of the pea aphid is associated 
with a concentration of the body contents of the parent. The ali- 
mentary tract of the pea. aphid is so constructed that it adequately 
eliminates waste substances only so long as fluid is ingested in suffi- 
cient volume. There appears to be no provision for voiding unneces- 
sary products when the supply of fluid is insufficient for this purpose. 
Lack of fluid, together with rapid evaporation from the body of the 
parent aphid, causes a concentration of the waste substances. These 
accumulated ^Vastes^^ in the adult in the form of proteins and carbo- 
hydrates appear to initiate wing development. The appearance of 
apterous individuals appears to be due to (1) the lack of these ^ Vaste’^ 
substances in the parent, or (2) to the presence of a suflBcient volume 
of fluid intake to carry them away in solution as honeydew. 
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THE GROWTH CURVE OF SORGHUM' 


By A. T. BarteLj assistant agronomistj and J. H. Martin, senior agronomist^ 

Dwision of Cereal Crops and DiseaseSj Bureau of Plant Industry ^ United States 

Department of Agriculture ^ 

INTRODUCTION 

Growei's and investigators of sorghum {Sorghmn mlgare Pers.) gen- 
erally have observed the small size of seedlings and the relatively slow 
early growth of the plants, as compared with those of corn, even when 
grown under optimum conditions. Measurements of the growth of 
sorghum plants at some stages doubtless have been made previously, 
but curves showing the trend of this slow early growth have not been 
found in the literature. In 1930, N. V. Kanitkar, then soil physicist 
of the Poona Agricultural College, Poona, India, while visiting the 
United States, showed the junior writer an unpublished growth curve 
of sorghum based upon data he had obtained in India. This curve 
was of the imbalanced sigmoid type, having a long gradual slope during 
the first several weeks of the period, that depicted strikingly the slow 
early growth and rapid later growth of sorghums. It seemed desirable 
to the writers to investigate this problem in the United States and if 
possible to determine the cause of this unbalanced trend in growth 
rate. The experiments were conducted by the senior writer. 

Sorghums are of tropical origin and usually grow slowly at the cool 
temperatures that frequently occur after relatively early planting in 
the Northern States. The sorghums in the experiments reported 
here, however, were planted in June and July under conditions of 
high temperature and irrigation in southern Arizona, which favored 
rapid germination and early growth. Thus unfavorable environ- 
mental conditions that might have retarded early growth were largely 
eliminated from consideration as a causal factor in the growth trend, 

METHODS 

The experiments were conducted at the University Farm, Tucson, 
Ariz., under irrigation, during the 4-year period 193U34 and in 1936. 
Two grain sorghum varieties. Dwarf hegari and Double Dwarf Yellow 
milo, were planted on two dates in each of the fii'st 4 years. The 
average date for the first planting was June 18 and for the second 
planting July 22. Soon after the plants were well up they were 
thinned to a single plant every 8 to 10 inches. The plants of both 
varieties produced tillers that developed about as well as the main 
stalks. Plants were harvested at 4-day intervals starting soon after the 
plants were up and ending when maturity was reached. The plants 
were cut as close to the ground as possible and a minimum of 10 
plants was harvested at each sampling. The number of stalks (in- 

1 Received for publication April 8, 1938; issued December 1938. Cooperative investigations of the I) ivision 
of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and the Arizona 
Agricultural Experiment Station. 

2 The authors acknowledge the assistance of Charles Davis, assistant agronomist, Arizona Agriculturai 
Experiment Station, in calculating the growth curves. 
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eluding tiller stalks) was counted in each sample, and all weights were 
computed to weight per stalk. The harvested plants were weighed 
at intervals until thej had reached a constant air-dry wmight. The 
heads, if any, were then removed and threshed, and weights of the 
heads and seed were obtained. 


RESULTS 

RATE OF GROWTH IN SORGHUMS 

The increase in weight per stalk, including^ the heads, seeds, and 
leaves, of Dwarf hegari and Double Dwarf Yellow milo planted on 
two dates is shown in figure 1. The curves were calculated by the 

X 

formula suggested by Robertson,® i. e., hog-—=K(t—ti), where x 

equals the weight attained in time t; a is the total growth attained 
during the cycle; if is a constant, the magnitude of which detennines 
the slope of the curve; and ti is the time at which the growth is one- 
half completed; or where x equals l/2u. It will be observed that the 
early growth of both varieties was very slow. This was especially 
true" in the June 18 planting. It was not until 54 days after planting 
that a weight per stalk of over 10 g was obtained in Dwarf hegari. 
This period constitutes roughly one-half of the number of days be- 
tween planting and maturity. The early growth of Double Dwarf 
Yellow milo was slightly greater than that of Dvrarf hegari until 
about 58 days after planting. From then until maturity the weight 
per stalk of Dwarf hegari increased more rapidly than in the shorter 
variety Double Dwarf Yellow milo. The weight per stalk 54 days 
after planting represented 10 percent of the weight at maturity of 
Dwarf hegari and 14 percent of Double Dwarf Yellow milo. 

A theoretical ^ symmetrical sigmoid (S-shaped) curve of growth, 
typical of many plant species, also is shown in figure 1. This curve is 
superimposed upon the weights of the Dwarf hegari planted on June 
18. It will be observed that the curve of actual dry-weight increase 
of Dwarf hegari was below that of the theoretical curve at all stages 
of development until maturity was reached. At maturity, of course, 
the two curves coincide. 

The growth curves of sorghum show a delayed but more abrupt 
upward trend, with the upper and lower ends asymmetrical in con- 
trast to the symmetrical theoretical curve. The difference may be 
explained by the small size of the sorghum seedling relative to that 
of the mature plant, which necessitates the lapse of considerable time 
before the operation of the so-called ^hompound-interest” principle 
can produce large increases in weight. 

When the two varieties were planted on July 22 there was a more 
rapid increase in early growth and a lower weight at maturity than 
when they were planted on June 18. This rapid early growth might 
be attributed to slightly higher temperatures at planting time in the 
July 22 planting. The mean temperatures at Tucson for June, 
July, and August from 1931 to 1934 were 79. 5% 87.6°, and 84.4° F., 
respectively. When the varieties were planted on June 18 maturity 
was reache d the first week in October, but when planted on July 22 

; ROBERTf<:OX, T. Brailsford. the chemical basis of growth and senescence. 389 pp., iilus.. Phila- 
tlelpluii and London. 1923. 

MLvber. OitAX. PRIXCIPIJSS OF mxT PHYSIOLOGY. 377 pp., ite New York. 1928. 
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the yarieties were not mature until the last week in October. The 
lower mean temperatures and shorter days during part of the growing 
period of the July plantings may have hastened heading and restricted 




DAYS AFTER PLANTING 

Figure 1. — Total air-dry weight per stalk and weight of grain per head of Dwarf 
hegari and Double Dwarf Yellow milo planted on two dates at Tucson, Ariz., 
1931-34. The dots and circles represent the actual weights, and the lines the 
fitted curves. 

vegetative growth, although the temperatures were sufficiently high 
during October to prevent delay in ripenhig. 
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The increase in seed weight per stalk of Dwarf hegari and Double 
Dwarf Yellow milo in the June 18 and July 22 plantings also is shown 
in figure 1. The poor fit in the curve for seed weight of Double 
Dwarf Yellow milo planted in June is due to damage by birds. How-- 
ever, both varieties yielded more in the June than in the July planting. 
In the June planting the seed yield of Double Dwarf Yellow milo was 
higher, but Dwarf hegari led in the July planting. The decreases as 
a result of later planting in weight per stalk and seed weight per head 
were 23 percent and 19 percent, respectively, in Dwarf hegari, and 
26 percent and 41 percent in Double Dwarf Yellow milo. The Dwarf 
hegari evidently was better suited to late planting than Double Dwarf 
Yellow milo. 

SEED SIZE AND EARLY GROWTH 

In numerous experiments with sorghum seedlings, the junior writer 
has observed that varieties with large seeds produce larger seedlings 
and appear to grow more rapidly in the early stages than small- 
seeded varieties. It seemed that this apparent relationship between 
the size of seed and early plant growth might explain the growth 
trends just presented. 

Mature stalks of some sorghum varieties often weigh nearly as 
much as mature cornstalks, although the seeds of grain sorghums 
are much smaller and usually weigh only about as much as average 
caryopses of wheat, oats, and barley; and seeds of some of the sorgos, 
particularly Sumac, weigh still less. Proso {Panicum miliaceum L.), 
a grain millet, has extremely small seeds for a cereal crop and makes 
a correspondingly slow early growth. The sorghums and proso in 
general have a wider ratio between seed size and final stalk weight 
at maturity than any other of the American cereal crop plants. 

Plantings of cereal varieties having different seed sizes were made 
on July 13 and August 11, 1936. Included in this experiment were 
two varieties of corn {Zea mays L.), Surecropper and Krug; four 
varieties of sorghum (feterita, Double Dwarf Yellow milo. Dwarf 
hegari, and Sumac sorgo) ; and one variety of proso (Yellow Manitoba). 
The oven-dry weights per kernel, and per stalk 10 days after planting, 
of each variety are shown in table 1, and the stalk weights at inter- 
vals during periods up to 40 days after planting, which include only 
a part of the grand period of growth, are shown in figure 2. The 
stalk weights shown are averages from the two plantings. 

In general, a close relationship was found between the size of seed 
and the size of seedling. The corn variety Surecropper had the 
largest seed and- also the most rapid early growth, while Yellow 
Manitoba proso had the smallest seed and the least early growth. 
Krug corn made less early growth than the larger-seeded Surecropper 
variety but exceeded all of the sorghums. Among the sorghum 
varieties, feterita had the largest seeds and grew most rapidly during 
early stages, while Sumac sorgo had the smallest seeds and slowest 
apparent early growth. A distinct spread between sorghum varieties 
occurred from the sixteenth to the twentieth day after planting and 
the stalk weights then were in the same order as the seed weights, 
except that Dwarf hegari and Double Dwarf Yellow milo wwe reversed. 
The seeds of the latter variety usually are larger than those of Dwarf 
hegari but in these samples they were slightly smaller. The early 
growth of Double Dwarf Yellow milo exceeded that of Dwarf hegari, 
as shown in figure 1. 


TOTAL WEIGHT PER STALK (GRAMS) 
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T\ble 1 — Oven-dry weight per seed, and per stalk 10 days after planting and at 
different periods thereafter, of 7 cereal varieties 


Crop and variety 

Weight per 
seed 

Weight per 
stalk 10 
days after 
planting 

Period after 
planting for 
weight per 
stalk to equal 
weight per 
seed 

Corn: 

.'^nrAPrOTyrieJ* 

Mg 

407.8 

Mg 

149 

Days 

14 



188.0 

112 

11 

Sorghum: 

Ppfpkrito ^ — 

26.9 

38 

9 

Uwarf hegari - 

25.9 

33 

9 

Uouble I^v'arf Yellow milo - 

23.4 

37 

8 

Siiinac sorgo ----- - - 

14.2 

20 

8 

Proso: 

Yellow^ Manitoba 

3.1 

12 

5 


An inspection of figure 2 shows that after the seedlings had reached 
a weight of roughly 0.5g per stalk, the growth-curve rise for the next 
5 days was strikingly and almost uniformly abrupt in all varieties. 
Tins is in conformity with the monomolecular autocatalytic law, 
upon which the usual growth curve is based,® in which increase in 
weight varies with the ^‘active mass.’^ 

The weight per stalk 10 days after planting, which was previous to 
a pronounced upturn in the growth curve of any of the cereal varieties, 
is compared graphically with the weight per seed in figure 3, A. A 




0 12 3 4 S 

LOGARITHM OF WEIGHT OF SEED IN MG 


Figure 3.-^4, Relation between weight per seed and weight per stalk 10 days 
after planting of corn, sorghum, and proso; B, relation between logarithms 
of the seed weights and of the stalk weights taken at various intervals up to 
20 days after planting. 


curvilinear relationship between stalk weight and seed size is indicated 
that closely approaches a logarithmic curve. When the logarithms 
of the two sets of weights are charted (fig. 3, 5) the points fall 
approximately on a straight line. The relationship was linear also 
12 days after planting. Later, 16 and 20 days after planting, when 
appreciable growth was occurring, the corresponding points in figure 
3, B, form slight curves instead of straight lines, which indicates 
that factors other than seed size were operative in partly determining 
the weight per stalk at these stages. Ten and twelve days after 
•UI.0BERTI3OX. T. Bii.iH.SFOEO, See footnot©' 3... . 
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planting the logarithm of the weight of the seedling stalks thus varied 
directly witli the logarithm of the weight of the seed of the corn, 
sorghum, and proso varieties included in the experiment. This is in 
conformity with the calculation of growth curves, which is based 
upon a logarithmic relationsliip between the weight of the plant 
(or ^ ^active mass”) and the increase in growth. The results strongly 
suggest that the size of 10-day-old seedlings of the cereals investigated 
was determined by the mass of the seed and the apparent slow early 
growth of the sorghums and proso was merely a logarithmic function 
of seed size. A growth curve for barley obtained by Pope showed 
a trend in early growth very similar to that of the sorghums shown 
in figui'e 1. Caryopses of barley have approximately the same 
average weight as those of the grain sorghums Dwarf hegari and 
Double Dwarf Yellow milo. 

Ashby ^ has suggested that vigor in corn hybrids may be due in 
part to larger embryos, although this view has been challenged by 
Sprague ® and others. Incidentally, Sprague’s growTh data, with one 
exception, show that the logaritlims of seed and seedling weights are 
proportional. 

SUMMARY 

Sorghum seedlings are smaller and appear to be slower in early 
growth than those of corn. The increases in dry weight per stalk and 
grain weight per head of two grain sorghum varieties, Dwarf hegari 
and Double Dwarf T'ellow^ milo, growui in the field under irrigation at 
Tucson, Ariz., from 1931 to 1934, are presented. A planting at a 
normal date, about June 18, and a later planting, about July 22, wwe 
made in each of the 4 years. 

About 10 to 15 percent of the final dry weight of the stalks and 
heads was produced during the fii’st half of the growing period. The 
growth curves of the two varieties in both plantings indicated a much 
slower increase in growth in early stages of development and a more 
rapid increase at later stages than would be expected from the usual 
symmetrical sigmoid growth cuive typical of many plants. 

" Two varieties of corn, four of sorghum, and one of proso, repre- 
senting a wide range of seed sizes, were planted in the field in 1936, 
and the rate of early growth w^as determined. A close relationship 
was found between the size of seed planted and the dry weight per 
stalk in the early stages of plant development. In young seedlings 
of corn, sorghum, and proso, 10 and 12 days after planting, the loga- 
rithm of the weight per stalk was directly proportional to the loga- 
rithm of weight per seed. Seedlmg size thus was a logarithmic 
function of the ^hrctive mass” in the seed. The wider ratio betw^een 
the weight of the seed and the wreight of the mature stalk appears to 
explain for the most part the smaller seedlings and apparent slow'er 
early growth of sorghum and proso, as compared with corn, under 
optimum growing conditions. 

6 Pope, Meeritt N. the growth curve in baelet. Jour. Agr. Eeseareh 44: 323-341, illus. 1932. 

7 Ashby, Eric, studies in the inheritance of physiological characters, i. a physiological 
INVESTIGATION OF THE NATURE OF HYBRID VIGOUR IN MAIZE. Ann. Bot. [LondOll] 44: l457]“467, iUuS. 1930. 

s Sprague, G. E. hybrid vigor and growth rates in a maize cross and its reciprocal. Jour. 
Agr. Research. 53; 819-830, illus. 1936. 



CORRELATIONS BETWEEN BIOLOGICAL ESSENTIALITY 
AND ATOMIC STRUCTURE OF THE CHEMICAL ELE- 
MENTS ^ 

By Robert A. Steinberg 2 

Associate physiologist ^ Division of Tobacco and Plant Nutrition, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

All examination of the data on the mineral nutrition of organisms 
led to the discovery of close correlations between the list of the known 
essential elements and ^ the quantitative data of atomic physics, 
permitting of tentative, if vague, deductions as to their total number 
and the identity of those as yet unknown. Though these correlations 
have been evident to the writer for some time, considerable hesitancy 
has been felt in calling attention to them in view of the importance 
of the questions involved and the possibility of error in interpretation 
of the data. The positive proof subsequently available of the essen- 
tiality of manganese and the discovery of the essentiality of molyb- 
denum (I, cobalt (5), and gallium (7), which one after another 
have fallen into their proper niches in the tables bringing out these 
relations, at length convinced the writer that these data should be 
made available for critical examination by other investigators. Sub- 
stantiation wouM imply that the particular chemical elements required 
in the functioning of protoplasm are essential because of the inner 
physics of the atoms, and the quantum-mechanic relations of the 
atoms of these elements to one another. 

REVIEW OF LITERATURE 

Casual comments on the elements required by organisms are nu- 
merous and range from the assumption that organisms may require 
all 92 elements to one that some organisms have special requirements 
not shared by others. Attempts at correlations have been few and 
not very successful, owing to the liniited Imowledge hitherto available. 
Thatcher (8) proposed a classification of the chemical elements based 
on their biological properties, whereas Frey-Wyssling (B) considered 
that he had found a relation to exist between biological essentiality 
and position in the chemical periodic table. Lendle (S), on the other 
hand, confined himself to pointing out analogies in biological effects of 
homologous elements. Pirschle (4, S) has reported at length on the 
effects of homologous elements in Aspergillus, 

RELATION OF BIOLOGICAL ESSENTIALITY TO ATOMIC STRUCTURE 

A comparison of the essential^ with the nonessential elements of 
the standard chemical periodic table with respect to position discloses 
evidence of considerable interest. This is brought out in table 1, 

1 Received for publication August 8, 1938; issued December, 1938. 

2 The writer acknowledges his indebtedness to Dr. R. L. Mohler, Chief of the Section of Atomic Physics, 
Bureau of Standards, IJ. S. Department of Commerce, for aid in the preparation of this manuscript. 

3 Italic numbers in parentheses refer to- Literature Cited, p. 851. 

^ All the chemical elements definitely known to be essential, whether for animals or plants, are included. 
Limitations of space prevent the inclusion of full citations, nor are they nesessary in the case of the majority 
of the elements. 
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a reproduction of the standard chemical periodic table in condensed 
form, showing only the positions of the essential elements. Several 
facts stand out. Three, and no more than three, of the essential ele- 
ments are found in each of five of the pine groups. Three contain two 
elements each. Each group containing three essential elenients has 
one or two of them in the main group and not more than one in one or 
both of the subgroups. Groups 0 and VIII appear to form exceptions 
to these statements. Hydrogen, however, may be assumed to be a 
member of group 0, in which there are, of course, no subgroups. 
Group VIII contains two essential elements, but perhaps provision 
should be made for the addition of a third for reasons that will appear 
later. It may be noted that hydrogen and the two groups i-equiring 
special mention with respect to the property of essentiality are the 
same that have caused difficulty to the chemist in the classification 
of the chemical elements. On the basis of these facts, it seems prob- 
able that a total of three essential elements will also be found even- 
tually in groups IV and V. The difficulties of table 1 are inherent 
in ttie chemical periodic table as a medium for bringing out these 
biological correlations. 

Table 1. — The biologically essential elements arranged in the form of the chemical 

^periodic table 


Elements in the chemical periodic table in group 


0 i 

I 

II 

III 

IV V 

VI VII VIII 

H ' 



B 

C N 

0 


Na 

Mg 


Si P 

S Cl 

'i 

1 K Ou 

Ca Zn 

(Sc)2 Ga 

3 * * * ♦ 

Mo Mn i Fe Co 


1 Group 0 may he considered to contain no subgroups and group VIII no main group. 

2 Other evidence on hand renders quite probable the essentiality of scandium to Aspergillm niger, but will 
be presented at another time in connection with other matters if and when its essentiality to this organism 
is further verified. 

3 An asterisk (*) represents both nonessential elements and elements %vhose biological essentiality as yet 
remains unproved. 

Additional correlations between biological essentiality and chemical 
periodicity are evident if the essential elements are arranged in a 
series of groups (table 2). _When arranged in a series according 
to atomic number the essential elements form groups, of one to four 
members, which appear to bear definite numerical relations to each 
other. This is made plain by changes in the number of members of 
consecutive groups. The discrepancies in the number of group 
members of the elements having higher atomic numbers are due in 
all probability to blanks caused by the omission of essential elements 
not yet identified. The differences between the atomic numbers of 
the first members of these series groups also exhibit de^ite regular- 
ities, though here again unavoidable omissions cause irregularities in 
the values between groups of liigher atomic number. Similarly, the 
numbers of elements omitted between consecutive groups of known 
essential elements are 3, 2, 1, 1, 3, 1, 10, and 10, respectively. Silicon 
has been included as an essential element because of its use for cell- 
wall construction by the Diatomaceae, though its essentiality has 
never been demonstrated and its omission increases the regularities 
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initial element of each group has an odd atomic number. These are 
silicon (atomic number 14) and molybdenum (atomic number 42). 
It is not impossible, therefore, that silicon may eTentually be deter- 
mined to be nonessential and columbium essential. Another interest- 
ing feature of series-group arrangement is the differences in atomic 
number of the initial members of the positive-element groups. These 
differences are 10, 8, 6, 4, and 13 for consecutive groups. The diffi- 
culties with table 2 as a means of bringing out correlations are inherent 
in the use of series groups. 


Table 2. — The group periodicity of biologically essential elements as a f unction of 

atomic number 


Group No. 

Symbols of elements, 
preceded by atomic 
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3' ! 0 
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(29,Cu)-(30,Zn)™ 



3 

(lLNa)-(12,Mg) 

2 

6 

1 2 


(31, Ga) 

3 i 4 

1 

4 

(14,Si)-(15,P)-(16,S)-| 




8 

(42,Mo) 

1 i 13 

10 


(17,01) 1 

4 2(3) 

3 2(4) 

1 

1 2(2) 

9 

3* 

\ •) 


5" 

(19,K)-(20,Ca)-(21, | 

10 

(53,1) 

i ; li 

i6 


(Sc)) 

3 

i 5 2(4) 

1 1 



! 



1 Atomic numbers in each group are consecutive. 

^ Value if silicon is considered unessential. 

3 The asterisk (*) represents a group of elements whose biological essentiality as yet remains unproved. 


Correlations between essentiality and the inner physics of the atom 
can be shown best, however, through the tabulation of the 92 elements 
on the basis of their transition subshells, or the subshells in which the 
electron numbers of the atoms have undergone a regular change in 
the formation of the elements. These are the electrons that determine 
to a large extent the optical and chemical properties of the elements 
of which they form a part. Table 3 presents the chemical elements 
arranged, on the basis of transition subshells, according to shell, 
subshell, atomic number, and ^Tank,'^ to bring out the relation of 
atomic structure to the property of biological essentiality. The 
atomic data for the individual elements in the normal state are those 
given by White {10 ) . The shells into which the electrons are arranged 
about the nucleus of the atom are designated as n=2, n=3, n=4, 
72, =5, 71=6, and n=7 from the nucleus outward. Each shell may com- 
prise one or more subshells, designated as Z=0, Z=l, il=2, and i=3, also 
numbered from the center. The symbol for each element is preceded 
by the atomic number of the element. The numbers 1 to 14 at the 
heads of columns indicate the order in which the elements occur in 
each subshell row when arranged according to the magnitude of their 
atomic numbers. For these values the term 'Tank” will be used. 
This arrangement is more fundamental than that of the standard 
chemical periodic table inasmuch as spatial relations as well as number 



«> The chemical elements are indicated by their chemical symbols and are preceded by their atomic numbers. Italics indicate essential elements. 
^ The “rank" represents the relative order of the elements of each subshell when arranged according to atomic number, 
e Asterisks (*) indicate elements the biological essentiality of which has not been proved. 
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At the bottom of table 3 is what may be regarded as a summation 
of these data with respect to the biologically essential elemeiits. The 
five essential elements in subshelU=0 are all positive, and their number 
decreases from 3 in rank 1 to 2 in rank 2. The 10 essential elements 
formed by a change in subshell 1=1 are arranged uniformly in pairs in 
ranks 1 to 5, inclusive. Gallium occupies a position among these 
negative elements, whereas in table 2 it fell among the positive ones. 
Finally, the 1=2 subshell row with seven elements appears to contain 
but a single essential element in each rank. The three blank spaces 
may represent elements the essentiality of which has not yet been 
proved. No element essential for nutrition occurs in the 1=3 row, 
which includes the rare earths only, though the essentiality of cerium,^ 
particularly, is not definitely eliminated. The total number of known 
essential elements in successive shells forms a very uniform series, 
namely, 1, 4, 12, 4, 1, 0, and 0, reckoned from the nucleus to the 
periphery of the atom. Sodium, calcium, boron, (gallium), chlorine, 
and iodine — forming a group of essential elements dispensed with by 
certain organisms — fall into terminal ranks of the subshells. The 
segregation of the essential elements into positive and negative groups 
and the progressive decrease in the number of such elements per 
rank in successive subshells, together with the uniformity in number 
of elements per rank in each subshell, cannot be attributed to chance. 
These regularities, rather, must be interpreted as an expression of the 
interplay of ordered forces having their seat in the mechanism of 
atomic structure. 

The objection might be raised that the use of table 3, and particu- 
larly of the property termed the ^fiank,^^ is unacceptable because of 
its wide departure from the arrangement of the Mendelejeff chemical 
periodic table. Nevertheless, this table, though of greater complexity, 
also serves to bring out the effects of position and number of electrons 
on the chemical and physical properties of the elements as well as or 
better than the standard table. Moreover, the places into which the 
elements fall are definite and without equivocation. Subshells 
1=0 andl/=l seem to be the positions particularly associated with the 
possession of metalloid properties, a characteristic that increases with 
the rank until the gaseous state is reached. Shell position, however, is 
also of some effect in this respect. Two of the series of elements afford 
a complete illustration of the Kydberg rule for increases in atomic 
number of homologous elements. ^ Beginning with hydrogen, the 
elements of subshell ^=0 in rank 1 increase in atomic number in suc- 
cessive amounts of 2, 8, 8, 18, 18, and 32. The same is true for the 
elements of subsheU 1=0 in rank number 2 beginning with helium. 
Other correlations are readily apparent. It would not be surprising, 
however, if certain discrepancies exist, since only three of the quanta 
of the atom and the rank form the basis of this classification. The 
characteristics of beryllium and magnesium would be expected to be 
less metallic. Ample chemical justification exists, nevertheless, for 
the use of this table to bring out the association between atomic 
structure and biological essentiality, and to employ it as a basis to 
demonstrate that the elements possessing the property of essentiality 
form not a random selection but a group correlated with respect to 
atomic structure. 

5 Cerium perhaps should occupy the position of hafnium, and the latter that after lutecium in the fcS 
subshell, 

^ ■' 111469 — 38—5 , 
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As a matter of fact, the arrangement of table 3 is an improvement in 
certain respects over that of the standard table. Hydrogen finds a 
definite position, as do also the rare-earth metals and the members of 
group VIII. Changes in electron number in subshell 1=3 effect little 
change in chemical properties of the elements as exemplified by the 
rare earths, which alone of all the elements occupy this position. The 
total number of elements in the shells differs from that of the Kydberg 
(fO) series in being much more symmetrical.^ If each rank be divided 
into four subranks equivalent to positions in subshells 1=0, 1=1, 1=2 ^ 
audios, the elements arrange themselves into series quite similar to 
those of the familiar groups and subgroups of the standard periodic 
table. The relative positions of the elements are more in keeping with 
their chemical properties than in the standard table, however. Another 
difference lies in the number of ranks required to bring about a periodic 
change in properties of the elements. In subshell 1=0, the equivalent 
of 2 elements, in subshell 1=1, the equivalent of 6 elements, and in 
subshell the equivalent of 10 elements is required. That is, the 
periodic recurrence of properties with increase in atomic number 
differs miiformly with the transition subsheUs in the ratio of 2:6: 10; 
or, if the rare-earth elements are included, the series is 2:6:10: 14. 
Chemical valence is associated with the subrank and shows far fewer 
anomalies than in the Mendelejeff table. The number of elements 
per rank also forms an interesting series, namely, 17, 17, 10, 10, 9 
9, 4, 4, 4, 4, 1, 1, 1, and 1. The pairing evident in this series is in 
accordance with the pairing shown by all the 92 elements and by the 
majority of the essential elements in this table. The factors for this 
series are4^+l, 3^+1, 3^+0, 2^+0, and P+0. Thoughits significance 
is unknown to the writer, its regularity and the uniformity of pairing 
in the values is believed to have a basis in atomic structure and serves 
to strengthen the belief that the correlations between biological 
essentiality and atomic structure based on the ranks of table 3 have 
an objective existence. 

DISCUSSION 

The deductions feasible on the basis of the correlations between 
atomic structure and essentiality with respect to the total number of 
essential elements and of their identity are vague, largely negative in 
character, and debatable. It appears probable from the data of table 1 
that at least two, and perhaps three, additional elements will be found 
to be essential. These, it is assumed, would occur singly in groups 
IV and V and perhaps in group VIII. The data of table 2 are almost 
too ambiguous for prognostication, though the nonessentiality of 
silicon and the essentiality of columbium are indicated. Consideration 
of the data in table 3 would indicate to the writer that no more 
elements of shells ?i=l, n=2, and n=3 w'ill be found essential; nor, if 
greatest weight is placed on the apparent regularity of the series of 
the total number of essential elements per shell, are any to be found in 
the other shells. However, the nonessentiality of silicon would indi- 
cate an uiiidentified essential element in shell ri=3. The irregularities 
in the series formed by the total number of known essential elements 
per rank and the vacancies in the Z=2 subshell row of essential elements 
inay perhaps indicate otheryrise. Mathematically, it would be prac- 
ticable to fill the vacancies in subshell /=2 without seriously affecting 
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the uniformity of the series of total essential elements per shell, though 
an alteration would be necessary. 

A thorough understanding of factors concerned should permit 
foreknowledge of experimental results. Nevertheless, attempted 
predictions in scientific investigations, as elsewhere, have been found 
extremely hazardous and are to be avoided as of dubious value, unless 
strongly justified as in this case. Search for the essential trace ele- 
ments in the past has. largely been purely empirical and directed al- 
most by chance. The publication of these tables will, it is hoped, act 
as a beneficial directive influence, smce a direct objective is now avail- 
able that makes feasible the partial correlation of the data on the 
essential elements. It should not be forgotten, however, that no single 
organism seems to require all (22 or more) essential elements. This 
situation may be purely illusory and depend on low experimental 
precision, but it is probably associated with broad evolutionary 
trends that include gain or loss of function. The belief of the writer 
in the existence of only a few other as yet unidentified essential ele- 
ments may therefore need considerable revision on the basis of experi- 
ence with organisms other than Aspergillus. ^ The writer is also con- 
vinced that eventually an even closer correlation between essentiality 
and atomic structure will be demonstrated by the atomic physicist 
through the mathematically complex quantum mechanics of the 
atom. 

SUMMARY 

Correlations were found between atomic structure and biological 
essentiality of the chemical elements that would indicate that the 
essential elements are closely correlated with respect to atomic struc- 
ture and their distribution among the nonessential elements. Ten- 
tative, though vague and debatable, deductions are feasible with 
respect to the number and identity of the essential elements as yet 
unknown. A suggested form of chemical periodic table based on 
shell and subshell of transition, atomic number, and rank, is superior 
in certain respects to the standard table. Moreover, this arrangement 
of the chemical elements makes possible the correlation of atomic 
structure with the property of biological essentiality. 
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LABORATORY STUDIES ON TETRASTICHUS XANTHO- 
MELAENAE ROND. AND TETRASTICHUS SP., TWO 
HYMENOPTEROUS EGG PARASITES OF THE ELM LEAF 
BEETLE 1 ^ 

By P. A. Berry 

Assistant entomologist, Division of Forest Insect Investigations, Bureau of Ento- 
mology and Plant Quarantine, United States Department of Agriculture 

INTRODUCTION 

Several attempts have been made to establish Tetrastichus xanthg- 
melaenae Rond., an important egg parasite of the elm leaf beetle 
(Galenicella xanthomelaena (Schr.)), in the United States. The first 
shipments were made from France in 1908,^ and up to 1932 occasional 
attempts were made to establish this species in the New England 
States. ^ In 1932 importations on a larger scale were undertaken, and 
parasitized eggs were received from both France and Austria. These 
shipments were made early in the season in order to give the parasites 
access, upon their liberation in the LTnited States, to the greatest 
possible number of elm leaf beetle eggs. Emergence of parasites 
began soon after the parasitized eggs arrived at the Melrose Highlands 
laboratory. 

After many of the parasites had emerged, it was discovered that 
two species of Tetrastichus were present. One was T, xanthomelaenae 
and the other an unidentified species. Separation of the living speci- 
mens of these two species was difficult and was not considered to be 
practical in view of the large quantity of material received. It seemed 
advisable to hold all material in the laboratory until the status of the 
new species could be determined. 

The percentage of Tetrastichus sp. occurring in the imported 
material has been low. A sample of 600 adults from Oberpullendorf, 
Austria, contained 29 Tetrastichus sp., or 4.8 percent. In a sample of 
500 adults from Hyeres, France, there were 17 Tetrastichus sp., or 
only 3.4 percent. 

Apparently Tetrastichus sp. has always been present in much 
smaller numbers than T, xanthomelaenae. Marchal made a number 
of observations on T. xanthomelaenae but did not encounter the new 
species in his work. In another paper,® in which he described T. 
xanthomelaenae, Marchal mentioned another parasite reported as 
attacking eggs of Galerucella xanthomelaena, but the record of the 
exact host is questionable and the brief notes on the parasite indicate 
that it was not Tetrastichus sp. 

1 Received for publication June 17, 1938; issued December, 1938. 

2 This study was conducted at the Melrose Highlands, Mass., laboratory of the Bureau of Entomology 
and Plant Quarantine during 1932 and 1935. The writer is indebted to G. W. Collins, in charge of the 
laboratory previous to 1935, and to R. C. Brown, in charge during 1935, for making these investigations 
possible, and to P. B. Dowden for helpful advice. 

3 Howard, L. 0, the importation of tetrastichus xanthomelaenae (bond.). Jour. Econ. Ent. 1 

281-289, illus. 1908. , , 

< Marchal, P. observations biologiques sur un parasite de la galeruque de l’orme, le tetra- 
STicHUs xanthomelaenae (ROND.) (hymIin.). Bull. Soc, Ent. Prauce 1905: 64-68. 1905. 

5 Marchal, P. identification du parasite des oeufs de la oALfiRUQUE de l’orme, tetrastiches 
XANTHOMELAENAE (ROND.) (hymen.). Bull. Soc. Ent. France 1905: 81-83, illus. 1905. 
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Parker ® figured the egg, the first-instar larva, and the full-grown 
larva of Tetrastichus sp., but he reported it as T. xanthomelaenae, 
“Tliis is not surprising, for prior to 1932 only one species was known 
to attack the eggs of the elm leaf beetle. 

EXPERIMENTS ON THE TWO PARASITES WHEN OCCURRING 
SEPARATELY AND WHEN IN COMPETITION 

Experiments were undertaken to determine the status of each 
species of parasite when occurring separately, the effect that one 
would have upon the efficiency of the other when they were operating 
together, and whether either species acted as a secondary parasite 
upon the other species. For this purpose it was necessary to conduct 
several series simultaneously. In all the experiments the development 
was observed through daily dissections of a portion of the exposed 
material. 

In the first series of experiments each species of parasite was reared 
separately from egg to adult on clusters of elm leaf beetle eggs col- 
lected from several localities in Massachusetts, and the life cycles and 
the principal habits of the two species were studied. Tetrastichus 
xanthomelaenae oviposited freely in the elm leaf beetle eggs, dissections 
showing that each egg contained from one to four eggs of the parasite. 
Only one individual, however, developed to maturity in a single host 
egg; the others succumbed in an early stage of development. ^ The 
cause of the death of the excess young larvae where superparasitiza- 
tion occurred was not apparent. Adult males and females issued 
in about equal numbers from all the lots exposed. The average 
length of the developmental period from the time the eggs were laid 
until the adults issued was 16.9 days. The average life cycle of 
Tetrastichus sp. was found to be 17.5 days, or about 14 hours longer 
than that of T, xanthomelaenae. In other respects the development 
was the same in the two species. 

In the second series of experiments several masses of elm leaf beetle 
eggs were exposed to a mixed lot of parasites containing equal num- 
bers of mated females of each species. Dissections of a part of the 
material showed a high percentage of parasitization and considerable 
superparasitization. Frequently eggs and larvae of both species of 
parasites were found in the same host egg. Only one of the larvae 
developed to maturity, however. Sometimes it was one species and 
sometimes the other. Out of 200 dissected eggs that contained 
both species of larvae with only one larva living, there were 85 eggs 
in which the larvae of Tetrastichus xanthomelaenae remained alive 
and 115 in which the Tetrastichus sj). survived. The eggs that were 
allowed to develop to maturity produced 105 T. xanthomelaenae and 
93 Tettmtichus sp. It is evident, therefore, that the chances of 
developing to maturity are about equal for the two species when 
they both attack at the same time. 

In the third set of experiments egg masses were exposed first to 
one ^'pe^eie^ oi Tetrastichus and then to the other. Several egg masses 
were exposed Lo T. xanthomelaenae for 4 hours. This material was 
then divided into 10 lots, which were numbered from 1 to 10. Lot 
No. 1 was exposed to Tetrastichus sp. the day following exposure to 

H. n RECHEItCHES SUE LES FORMES POST-EMBRYONNAIRES BES CHALCIDIENS. Ann. SOC 
Ent France 93: f261]-379, Olns. 1924. 
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T, xanthomelaenaej lot No. 2 the second day, and so on until the sixth 
day, when the parasites refused to oviposit in the parasitized eggs. 
Dissections of a number of samples showed that oviposition by 
Tetrastichus sp. in the parasitized eggs decreased after the second day 
and only a few of those offered on the fifth day were attacked. There 
were a few cases in which the Tetrastichus sp. survived where from 
1 to 2 days intervened between the periods of attack. Where there 
was an interval of more than 2 days, T. xanthornelaenae survived in all 
cases observed. 

In the experiments in which the order of attack by the parasites 
was reversed, the results were similar in that the species attacking 
first survived in much the greater numbers. Neither species, there- 
fore, acted as a secondary parasite on the other. 

CHARACTERS FOR SEPARATING THE EARLY STAGES AND ADULTS 
OF TETRASTICHUS XANTHOMELAENAE AND TETRASTICHUS SP. 

Eggs and early-instar larvae of these two species of Tetrastichus 
may be readily separated, but no distinguishing characters have been 
found for separating 
the later instars or the 
pupae. 

EGG 

The egg of Tetra- 
stichus xanthomelaenae 
(fig. 1, D) measures 0.23 
mm in length and 0.075 
mm at its greatest 
width. It is almost 
circular in cross section 
and slightly curved in 
shape. It is white and 
has a smooth surface. 

From the cephalic end, 
which is bluntly round- 
ed, the egg thickens 
slightly for a short 
distance and then 
gradually tapers to a 
round caudal end. 

The egg of Tetra- 
stichus (fig. 1, B) 
measures 0.22 mm in 
length and 0.06 mm at 
its greatest width. It 
is almost circular in 
cross section and 
slightly curved in 
shape. It is white and 
has a smooth, glisten- 
ing surface. The cephalic end has a protuberance resembling a petiole. 
From this petiolar region the egg thickens abruptly to its greatest 
diameter, from which it tapers gradually to a blunt caudal end. 
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LARVA 

The first-instar larva of Tetrastichus xanthomelaenae (fig. 1, C), 
shortly after emerging from the egg, is 0.32 mm in length and 0.09 mm 
at its “greatest width. The head is long and shaped like a thimble, 
but it is shorter and thicker than the head of Tetrastichus sp. There 
are 3 thoracic and 10 abdominal segments. The last seginent is 
short and has a complete row of caudal hairs or spines, which are 
heavier than those on the other segments. On the posterior margins of 
each of the other segments there is a row of spines of about equal 
length extending across the dorsum and almost to the lateral margins. 
The young larva is hyaline, the midintestine being visible through 
the body walls. 

The first-instar larva of Tetrastichus sp. (fig. I, A), shortly after 
emerging from the egg, measures 0.37 mm in length and 0.09 mm at 
its greatest diameter. It is cylindrical in form, with diameter de- 
creasing towards the posterior extremity. It has a long, thimble- 
shaped head and 3 thoracic and 10 abdominal segments. The last 
abdominal segment is terminated by two long, slightly curved hooks 
placed side by side. All segments except the last have rows of spines 
completely encircling the larva. The larva is hyaline. 

ADULT 

The characters for separating the adults of these two species of para- 
sites, as described by B. D. Burks,^ of the Illinois Natural History 
Survey, are as follows: 

Tetrastichus xanthomelaenae (Rond.) — Thorax dark metallic blue-green, abdo- 
men entirely black, with faint metallic luster; pedicel of antenna globose in both 
sexes; flagellum of the males bearing short setae; none longer than the third funicle 
segment; submarginal vein of forewing with one dorsal bristle. 

Tetrastichus sp. — Thorax shining black, abdomen dark brown and yellow 

at base; pedicel of antenna slender, elongate, slightly enlarged at apex in both 
sexes; flagellum of male bearing long setae; those borne by the second funicle 
segment longer than the entire funicle; submarginal vein of forewing with two 
dorsal bristles. 

LIBERATIONS AND RECOVERIES 

Prior to 1932 from 2,000 to 2,500 adults of Tetrastichus xanthomelae- 
nae had been liberated at various localities in New England and New 
Jersey. A large number of these were reared in the laboratory at 
Melrose Highlands, Mass.^ From 1932 to 1935, inclusive, 35,234 
adults were imported and liberated in the United States, as follows: 
Massachusetts, 8,445; Connecticut, 4,000; New Hampshire, 600; New 
York, 1,000; New Jersey, 2,484; District of Columbia, 3,950; Virginia, 
2,750; Ohio, 5,000; and California, 7,005. 

Several collections of elm leaf beetle eggs in Massachusetts and one 
in New Jersey have slpwn that the parasites reproduce in the field 
the same season in which they are liberated, but none have been re- 
covered the following season. In 1933 collections of 449 egg masses 
from the sites of the 1932 liberations and in 1934 collections of 689 
egg masses from the 1932-33 liberation points failed to produce a 
single parasite. 

'■ Private ctdiiinimifation. 

^ * Howard, L. O., and Fiske, W. F. the imporation into the united states of the parasites of the 

OTPST moth and tee BROWN TAIL MOTH: A REPORT OF PROGRESS, WITH SOME CONSIDERATION OF PREVIOUS 
AND RECURRENT EFFORTS OF THIS KIND. IT. S. Bur. Ent. BuIi: 91, 344 pp., OlUS, 1911. 
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SUMMARY 

In the course of attempts to establish the elm leaf beetle parasite 
Tetrastichus xanthomelaenae Rond, in the United States, another, 
unidentified, ' species of Tetrastichus was discovered in the imported 
material. A study of the two species was therefore undertaken in the 
laboratory to observe their development and parasitic habits, both 
when each species occurred separately and when the two were in com- 
petition. The characters distinguishing the two species were also 
determined. 

The development was found to be similar in the two species, except 
that the life cycle of Tetrastichus sp. was slightly longer than that of T. 
xanthomelaenae. When superparasitism or multiple parasitism oc- 
curred, all but one larva in each host egg died in the early instars. 
Where the host was attacked by both species, the one attacking first 
had the better chance of surviving. Both species are therefore pri- 
mary parasites. 

The eggs and young larvae of the two parasites have definite char- 
acters by which they can be readily separated, but no distinguishing 
characters were found for the later instars or the pupae. 

In all importations the percentages of adult Tetrastichus sp. emerg- 
ing from the beetle eggs were low, never exceeding 5 percent. 






EFFECT OF EXTERIOR TEMPERATURE UPON PRESS 
FLUID, SHEAR FORCE, AND COOKING LOSSES OF 
ROASTED BEEF AND PORK MUSCLES ‘ 

By Alice M. Child, associate professor of home economics, and Mary J. Satorius, 
instructor in home economics, Minnesota Agricultural Experiment Station ^ 

INTRODUCTION 

In meat cookery, methods must be worked out by which palatability 
can best be retained and developed. Palatability is in large measure 
dependent upon the structure of the muscle tissue. The present 
work was undertaken to study the effect of exterior or oven tempera- 
ture upon structure of meat when the two following mechanical 
devices were employed: The pressometer, used by Child and Fogarty 
(4)/ which measures press fluid (defined as fluid consisting of moisture 
plus the soluble material plus the colloidal fraction pressed from 
muscle by the pressometer), and the Minnesota modification of the 
Warner-Bratzler shear-force apparatus which measures the force 
necessary to shear a sample of meat of given dimensions. 

The study covered the effect of oven or exterior temperature upon 
press fluid, shear force, and cooking losses during the roasting of the 
following muscles: (1) Semitendinosus beef muscle heated to an in- 
ternal temperature of 58^ C. at oven temperatures of 125®, 150®, 175®, 
and 200®; (2) longissimus dorsi beef muscle heated to an internal 
temperature of 58® at constant oven temperatures of 150® and 200®, 
and at 150® after searing at 260®; and (3) longissimus dorsi pork 
muscle heated to an internal temperature of 84® at constant oven tem- 
peratures of 125®, 150®, and 175®, and at 150® after searing at 260®. 

MATERIALS AND METHODS 

Beef of high medium to good grade which had been ripened 12 days 
at 2® to 3® C. was obtained from a local packing plant. The senii- 
tendinosus or ^^eye^’ muscle from the bottom round had been found 
homogeneous by Child and Fogarty {Jf) so that two comparable 
roasts, weighing about 1.5 pounds each, could be obtained from each 
muscle, giving four comparable roasts from one animal.^ A series of 
12 animals was studied, 48 roasts in all. The longissimus dorsi 
muscle had not yet been studied for homogeneity at the time of this 
experiment. Thus, from a series of 18 animals pairs of seventh- 
eighth standing ribs, weighing about 7 pounds each, were used for 
one comparison of external temperatures, and ninth-tenth ribs, 
weighing about 6 pounds each, were used for another, a total of 72 
beef rib roasts. 

Pork was obtained through the local packing plant and was ripened 
4 days at 2° to 3® C. The longissimus dorsi muscle from center pork 

1 Received for publication February 1, 1938; issued December, 193S. Scientific Journal series, paper No. 
580, Minnesota Agricultural Experiment Station. 

2 Tbe authors gratefully acknowledge their indebtedness to George Steinacher for technical assistance in 
constructing the apparatus shown in figure 1, and to L. W. Neubauer, Agricultural Engineering Depart- 
ment, for the drawing. 

3 Italic numbers in parentheses refer to Literature Cited, p. 871. 
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loin containing four thoracic and four lumbar vertebrae had been 
found to be homogeneous/ so that the cut could be halved between 
the thoracic and lumbar vertebrae to give two comparable roasts 
weighing 1-8 pounds each. Thus, four comparable roasts from each 
of 12 animals or a total of 48 roasts were used. 


EOASTING AND SAMPLING MEAT 


iill meat w^as cooked in electric laboratory ovens, controlled to 
2° F. with regulators, by methods reconimended by the cooking com- 
mittee of the cooperative meat investigation committee. Cooking 
data, i. e,, losses, cooldng time, and temperature rise after removal 
from the oven were recorded. 

The adipose covering of the semitendinosus muscle was removed 
and the four comparable roasts were cooked to 58° C. at oven tempera- 
tures of 125°, 150°, 175°, and 200°. The meat was cooled to 40° for 
sampling. To better control biological variation the order of roasting 
was rotated so that one cut was not always cooked at the same tem- 
perature. 

The seventh-eighth and ninth-tenth beef ribs were cooked to 58° C. 
One of each pair of seventh-eighth ribs was cooked at 150° constant 
temperature and compared to the other one which was cooked at 
150° after searing for 20 minutes at 260°. One of each pair of ninth- 
tenth ribs was cooked at 150° and compared to the other one cooked 
at 200°, The meat was cooled to 40° for sampling. 

The four comparable roasts from center pork loin were cooked to 
84° C. at constant oven temperatures of 125°, 150°, and 175°, and at 
150° after searing for 20 minutes at 260°. The roasts were rotated 
as for the semitendinosus muscle. The meat was cooled to 80° for 
sampling. 

After cooling, the fat and bone on the roast were removed and the 
muscle was halved through the thermometer hole perpendicular to 
the muscle fibers. A slice 1.25 cm thick was cut for press-fluid deter- 
minations, and from this two samples, on either side of the thermom- 
eter hole, w^ere taken parallel to the muscle fibers with a borer 1.25 cm 
in diameter. The other half of the roast was used for tenderness 
determinations and from it two samples, about 3.8 cm long, were 
taken parallel to the muscle fibers with a borer 2.54 cm in diameter. 


PRESS-FLUID DETERMINATION 

The two samples of meat cut for press-fluid determinations were 
weighed to the nearest tenth of a milligram. Each sample, weighing 
about 1.5 g, waj; wrapped in filter cloth and pressed 10 minutes under 
a pressure of 250 pounds by the pressometer, which was standardized 
by CMld and Baldelli {S). The difference in weight of the meat 
before and after pressing was referred to as the weight of the press 
fluid;. 

SHEAR-FORCE DETERMINATION 


A modification of the Warner-Bratzler ® shear-force apparatus was 
used to. 'me asure shear force, and figure 1 shows its mechanism. Each 

j Alice M„ and Satgrius, Mary J. a sttjbt of sampling for meat research. Unpublished 

daUi, Minnesota Ex i)eriment Station. 1937. 

* Alexander, Ltty M., Clark, N. G., and Howe, P. E. methods of cooking and testing meat 
J^JdHdement to National Project Cooperative Meat Investigations. IT. S. Dept. Agr., 
f *^*^^*^’* 36 pp., iilus. Revised February 1933. Mimeographed. 

’ Uratjler, i . J- measuring the tenderness op meat by means of a mechanical shear. Unpub- 
hslu.‘d data, Kansas State (’ollcge. 1932. 
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sample cut for sliear-force determination was inserted in a triangular 
opening in a dull blade 1 mm in thickness. Shearing bars were started 
downward at the rate of 23.5 cm per minute by an automatic switch 
and electric motor and the pounds of force necessary to shear the 



Figure 1. — Diagram of shear-force apparatus/ showing detail of working 

mechanism. 


I meat were recorded to the nearest one-fourth pound on the gauge. 

Three determinations, one at the center and one at the center of each 
half, were made on each of the two samples; the six readings were 
averaged for each roast. 

I 
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EXPERIMENTAL DATA 

SEMITENDINOSUS MUSCLE 

The roasts cooked to 58° C. at 125°, 175°, and 200° were compared 
to those cooked at 150°, since this oven temperature has been gen- 
erally accepted. Press fluid and shear force were not significantly 
affected by exterior temperature, as shown by the Pisher (7) t test 
(table 1)/ The values for t did not exceed 1.3, which has a corres- 


Table 1. — Percentage press fluid, total losses, and pounds of shear force for semi- 
tendinosus heef muscle heated to an internal temperature of 58° C. at oven tem- 
peratures of 125°, 150°, 175°, and 200° 


Series No. 


Press fluid 



Total losses 



Shear force 


125° C. 

150° C. 

175° C. 

200° C. 

125° C. 

150° 0. 

175° C. 

200° C. 

125° G. 

150° C. 

175° C. 

200° C. 


Per- 

cent 

Per- 

cent 

Per- \ 
cent 

Per- 

cent 

Pei- 

esnt 

Per- 

cent 

Per- 

cent 

Per- 

cent 

Pounds 

Pounds 

Pounds 

Pounds 

1 

(1) 

55. 63 

(2) i 

53.29 

(3) 

56.05 

59. 27 

CD 

14.84 

(2) 

14.51 

(3) 

! 16.78 

(4) 

19. 49 

(D, 

11.6 

(2) 

12. 1 

(3) 

14.0 

%r 

? 

54. 33 

52.93 

55.15 

54.13 

14.93 

14.19 

13.62 

16. 16 

15.9 

13.1 

11.1 

13.5 

3 ■ 

57.01 

55.89 i 

55.43 

54.93 

12.47 

14. 78 

16. 32 

18. 61 

17.5 

14. 5 

15.9 

14.5 

4„ 

52. 91 

54.61 1 

53.45 

55.64 

14.54 

15.83 

18.42 

17.01 

12.2 

12.5 

11.7 

10.9 

5 - - - -- 

56. 92 

57. 53 i 

55. 25 

54.57 

14. 53 

14.85 

: 16.41 

18. 12 

10.9 

12.3 

15.3 

15.1 

a 

56. 11 

54.18 

53. 72 

49.68 

14.02 

14.66 

16.84 

20. 57 

11.6 

9.1 

13. 7 

16.7 

7 

57.12 

58.08 1 

55. 96 

57.97 

13.14 

14.81 

20.80 

19.22 

14.9 

12.9 

12.9 

11; 5 

S ' i 

56.83 

56.51 ! 

54.35 

52. 31 

15.37 

16.25 

20.26 

19. 65 

i 7.5 

10.5 

11.9 

12,3 

9.. ,j 

54.43 

54.89 ! 

54.73 

57.91 

11. 06 

12.01 

18.95 

16,97 

! 10.2 

10.6 

11.3 

8.3 

10...... 

52.89 

54. 23 

55.14 

53.19 

13.68 

13.94 

12.92 

17.09 

16.3 

12.3 

10.5 

17.1 

11.... 

51.29 

53. 91 

56.36 

55.91 

14.04 

14.04 

14. 39 

16. 46 

15.1 

15.9 

11.3 

10.9 

12 

1 54.64 

55. 18 

56.27 

55.73 

14.55 

14. 75 

! 14.57 

17. 66 

11.7 

10. 7 

10.7 

14.7 

■ . ' Mean... 

1 55.01 

55. 10 

55. 15 

55.10 

13. 93 

14. 55 

16. 69 

18. 08 

12.9 

12.2 

12.5 

13. 6 

P 

(1) and 
■ (2) 
0.21 
>. 56 


(3) and 
(2) 
0.10 
>.56 

(4) and 
(2) 
0.00 
>.56 

(1) and 
(2) 
2.50 
.03 


(3) and 
' (2) 
2.97 
.01 

(4) and 
(2) 
8.97 
<.01 

(1) and 
(2) 

1. 21 
, .25 


(3) and 
(2) 

0. 45 
>.56 

(4) and 
(2) 
1.30 

1 .22 


ponding value of P=0.22. This value is above the 5-percent level for 
significance or the l-percent level for high significance. Total losses, 
however, wei'c found to increase with each increment in exterior tem- 
perature; the increase was due to evaporation losses only. The values 
for t ranged from 2.50 to 8.97. 

It has furthermore been shown ^ that when semitendinosus muscle 
is heated to 58° C. by dry heat, by cooking in a covered pan and by 
adding water in a covered pan, press fluid and shear force are not 
affected but cooking losses are increased by the moist heat. 

A correlation of —0.05 was found between press fluid and total 
cooking losses for semitendinosus muscle heated to 58° C., a value 
w^hich is not significant. Child and Fogarty (4) also found an insig- 
nificant coiTelation of — 0.18 between press fluid and total losses for 
semitendinosus muscle heated to 58°. 

STANDING BEEF RIBS 

Press fluid did not vary significantly among beef ribs heated to 58 °C. 
at constant temperatures of 150° and 200° and at 150° after searing 
at 260° (table 2), \ allies for f were not higher than 0.93, which give 
values for P far above the 5-percent level of significance. Searing 
did not affe ct shear force, but a significantly greater number of pounds 

■ Nienow L EFFECT OF MOIST HEAT ON SEMITENDINOSUS MUSCLE. Unpublished data, Minnesota 
A, gneuliurnl Experiment Station. 1937. 
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of force were required to shear the ribs heated at 200 ® than those 
heated at 150®, a value for t of 2.99 being obtained. Cover (6) found 
beef ribs cooked well-done at 225® less tender when subjectively judged 
than those cooked at 125®, a finding which she thought due to the 
short cooking period at 225®. 


Table 2,— Percentage press fluids total losses^ and pounds of shear force for standing 
beef ribs heated to an internal temperature of 68° C, at constant oven temperatures 
of 150° and 200°, and at 150° following searing at 260° 




Press fluid 



Total losses 



Shear force 


Series No. 

Seared, i 
150 C. 

Con- 
stant, 
150® C. 

200® C. 

150® C. 

Seared,!! 
150® C. 

Con- 
.stant, 
150° C. 

200® C.: 

150® C. 

Seared,! 
160® C . 

1 

Con- 
stant, 
1.50® C. 

200 ®C. 

15f)° C. 


Per- 

cent 

Per- 

cent 

Per- 

cent 

Per- 

cent 

Per- 

cent 

Per- 

cent 

Per- 

cent 

Per- 

cent 

Pounds 

Pounds 

Pounds 

Pounds 


(1) 

(2) 

(1) 

(2) 

(1) 

(2) 

(1) 

(2) 

(1) 

(2) 

(1)^ 

(2) 

1 

49. 59 

49.89 

50.93 

48.22 

14.83 

12.42 

15.32 

11.91 

19. 0 

16, 0 

19.7 

22.6 

2 

3 

47.26 

46.95 

46.89 
59.96 ; 

48.90 

47.88 

41. 76 
46. 67 

16.43 

14. 65 

22.52 

25.88 

15.41 

15.48 

21,8 

21.1 

22.4 

24.5 

20. 4 
22.7 

18.1 

26.0 

4 

47.20 

49. 93 

50. 36 

50. 60 

19.22 

15. 17 

25. 60 

17.40 

18.2 

19. 4 

22.0 

16.4 

5 _ _ 

50, 17 

54.80 

48.72 

56.51 

15.93 

1 11.31 

24.31 

11.55 

22.3 

20.1 

20. 0 

18.5 

f) 

48.77 

50. 16 

46.83 

49. 08 

19. 16 

! 15.84 

32.87 

17.66 

27.3 

21.6 

27.4 

22.6 

7 

57.61 

49. 00 

45. 91 

53.41 

16. 01 

1 17.26 

29,60 

18.50 

24.0 

19.3 

20.2 

19.3 

8 . J 

50.73 

51. 31 

47. 83 

47.73 

13. 39 

14.65 

! 18.55 

12,24 

18.9 

20.2 

25.7 

17.6 

9 --.i 

44.95 

46.59 

48. 42 

48.97 

16.84 

12.70 

! 21.11 

13.85 

30.0 

31.3 

17.3 

11.7 

10 

48.85 

44. 95 

45. 48 

46.92 

15.76 

I 15.74 

1 18.45 

11. 36 

21.5 

25.7 

29.1 

21. 2 

11 

54.49 

54. 67 

52, 35 

49.52 

14.37 

12.57 

16.75 

10.34 

22.2 

20. 5 

16.8 

14.8 

12 

47.95 

51. 49 

50. 37 

50.07 

15.23 

' 13. 53 

19.10 

12.63 

21.5 

25. 5 

16.9 

21.7 

13. - 

50.24 

49. 29 

40.22 

49.26 

16.81 

15.35 

22.93 

14.14 

30,6 

31. 4 

31.4 

17.0 

14 . . 

43.81 

47.76 

48.52 

51.41 

19.28 

16.22 

19.71 

13.60 

25.1 

28.0 

24.0 

17.7 

15 

43. 63 

46. 71 

51. 79 

49.41 

16.96 

15.63 

17.21 

12.62 

20.9 

22.3 

34.1 

21,3 

16 

42.24 

48.08 

48. 70 

50.33 

16.49 

16.06 

21.99 

11.10 

22.6 

i 21.2 

23. 3 

26.1 

17 

18 

45.79 

49.65 

41.37 

47.31 

49.97 

51.15 

53. 73 
51. 03 

17.19 

16.69 

15.67 

14.02 

19.44 

13.49 

20.8 

38.8 

21.4 

32.1 

22.7 

27.8 

16. 7 

24.8 

Mean 

: 48.33 

48. 95 

48.91 

49. 70 

16.50 

14.64 

21.84 

13,72 

23.7 

23.5 

23.4 

19, 7 

P. 

tl) and 

0. 72 
,48 


(1) and 
(2) 
0.93 
.37 


(1) and 
(2) 

4. 47 
<.01 


(1) and 
(2) 

10. 96 
<.01 


(1) and 
! (2) 

0. 24 
>. 5fi 


(1) and 
(2) 
2.99 
<.01 



1 20 minutes at 2o0° G. 

Cooking losses were increased both by a temperature of 200° C. and 
by initial searing (table 2), values for t of 10.96 and 4.47, respectively, 
being found. It has also been found by Cline (5) that beef cooked to 
58° C. suffers more losses when cooked at high oven temperatures and 
when seared than at low' constant temperatures and by Alexander (/) 
that high oven temperatures increase losses. 

Furthermore, it has been shown ® that beef ribs cooked to 58° C. in 
covered and imcovered pans do not differ in press fluid or shear force 
but cooking losses are increased by covering. 

PORK LOINS 

The pork loins cooked to 84° C. at constant temperatures of 125° 
and 175°, and at 150° following searing at 260°, were compared to those 
cooked at 150°. Press fluid of pork loin was not affected by different 
oven temperatures (table 3), for values of t did not exceed 1.67, which 
corresponds to P=0.12, an insignificant value. Shear force was not 
affected by oven temperature except that less force w’-as required to 
shear the loins cooked at 125° than those cooked at 150°, a value for t 


^Nienow, I. See footnote 7, preceding page. 
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of 3.50 being obtained. The long cooking period of 138 minutes per 
pound at 125° as compared to 83 minutes at 150° may explain this 
difference. Only 57 minutes per pound were required at 175° and 62 
at 150° following searing at 260°. 

Total cooking losses of pork loin heated to 84° C. were not affected 
by constant exterior temperatures of 125°, 150°, and 175°, or by a 
temperature of 150° following searing, for all values of t were 0.76 or 
below. Alexander {2) found that cooking losses were not affected by 
oven temperatures when leg of lamb was cooked to 84°, but when 
cooked to 76° losses were increased by higher oven temperatures. 

A significant correlation, —0.45, was found between press fluid and 
cooking losses of pork loin cooked to 84° C. 


Table 3. — Percentage press fluid, total losses, and pounds of shear force for pork 
loins heated to an internal temperature of C. at constant oven temperatures of 
1^5°, ISO^j 175°, and at 150° following searing at 260° 



j Press fluid 

Total losses 

Shear force 

Series Xo. 




Sear- 




Sear- 




Sear- 


125° C. 

150° C. 

175° C. 

edi 

125° C. 

150° C. 

175° C. 

edi 

125° C. 

150° C. 

175°0. 

ed 1 



' 


150° C.| 




150° C. 




150° C. 


Pet. 

,1 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 


(1) 

(2) 

(3) 

(4) 

(1) 

(2) 

(3) 

(4) 

(1) 

(2) 

(3) 

(4) 

X.... 

38.11 

42.44 

i 45.45 

51.44 

20.42 

22. 35 

23.60 

17. 53 

6.1 

9.6 

6.5 

9.3 

2., 

40. 59 

40. 67 

! 49.23 

43.85 

21.24 

25.56 

22.26 

25. 44 

! 6.5 

7.6 

7.6 

9.5 

3 

45.39 i 

44. 85 

47.43 

50.21 

20. 66 

26.53 

20.70 

22. 25 

8.1 

8.3 

8.5 

8.5 

4... 

35.96 

41. 93 

42.22 

38.78 

21.57 

20.41 

22, 17 

26. 47 

9.3 

! 10.3 

10.6 

12.0 

5, 

42. 33 i 

43. 12 

42.14 

49.21 

17.93 

20. 15 

22. 50 

18. 81 

5.5 

10. 1 

8.6 

8.1 

6 

! 29. 58 ! 

48. 48 

' 38.03 

42.92 

26. 13 

23.51 

25. 64 

22.50 

5.6 

8.0 

8.5 

8.5 

7 

37.59 1 

34.60 

41.18 

41.44 

26.50 

25.53 

24. 76 

24. 02 

6.5 

8.5 

6.3 

7.6 

S 

39.85 1 

37.54 

39.93 

37.05 

18.66 

27.06 

! 27.91 

25.85 

6.5 

9.8 

9.0 

13.0 

9 

^ 42.98 

44.75 

47.55 

40.89 

29.22 

24.32 

i 23.35 

26.81 

4.3 

4.3 

7.8 

6.8 

10... 

33.48 

38. 18 

34.97 

39.46 

31. 13 

20.93 

22.61 

20.45 

6.1 

7.5 

7.1 

6.6 

11 ■ 

' 44.06 

47.72 

37.67 

44.06 

24.52 

18. 36 

22.39 

23.71 

7.8 

7.5 

6.6 

7.6 

12 

45. 51 

44.78 

I 

44.06 

38.22 

21.56 

17.12 

21.78 

23.83 

6.3 

6.3 

7.0 

8.8 

Mean.., 

39. 62 

42.42 

42.49 

43- 13 

23.29 

22.65 

23.31 

, 23. 14 

6.5 

8.1 

7.8 

8.9 


(1) 


(3) 

(4) 

1 


1 (3) 

1 (4) 

(1) 


(3) 

(4) 


and 


and 

and 

1 and 


and 

and 

and 


and 

and 




; (2) 

(2) 

(2) 


! (2) 

! (2) 

(2) 


(2) 

(2) 

t 

1.67 


0.04 

0. 46 

0. 41 


0.76 

0. 44 

3 50 


0. 64 

1, 50 

P, 

.12 


>.56 

>.56 

1 >.56 


.46 

>.56 

<.01 


. 53 

.16 










1 20 minutes at 260° C. 


SUMMAKY AND CONCLUSIONS 

Semitendinosiis beef muscle heated to an internal temperature of 
58° C. at oven temperatures of 125°, 150°, 175°, and 200° did not 
differ in press fluid or shear force. Cooking losses were increased 
with increased exterior temperature because of losses from evaporation. 

Standing beef ribs heated to an internal temperature of 58° C. at 
constant oven temperatures of 150° and 200°, and at 150° following 
searing at 260°, showed no differences in press fluid or shear force 
except that more force was required to shear those cooked at 200° 
than those cooked at 150°. Cooking losses were greater at 200° and 
at 150° following searing t^n at 150° constant temperature. 

Pork loin cooked to an internal temperature of 84° C. at constant 
oven temperatures of 125°, 150°, and 175°, and at 150° following 
searing at 260° did not differ in press fluid or shear force except that 
the loin cooked at 125° required less force to shear than that cooked 
at 150°. Cooking losses were not affected by exterior temperature. 
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From the data obtained the following conclusions may be drawn: 

Exterior or oven temperatures of 125° to 200° C. do not affect press 
fluid of roasted meat, and only at the extreme ends of the temperature 
range is shear force affected. More pounds of force may be required 
to shear roasts cooked at temperatures of 200° or higher, and fewer 
pounds of force to shear those cooked at temperatures of 125° or 
lower. However, at the low temperatures, the cooking time is very 
long, especially for well-done meat. 

High exterior temperatures and searing increase cooking losses in 
rare meat but not in well-done meat. 
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RESPIRATION AND LACTIC ACID PRODUCTION BY A 
FUNGUS OP THE GENUS RHIZOPUS ' 

By Selman a. Waksman, microbiologist, and J, W. Foster, research assistant, 

Department of Soil Chemistry and Microbiology, New J ersey Agricultural Experi- 

ment Station 

INTRODUCTION 

Lactic acid formed in living systems is usually considered the 
characteristic product of the anaerobic or fermentative phase of 
metabolism. Among the micro-organisms, this acid was formerly 
believed to be associated vdth. the activities of certain specific bacteria, 
found among several groups of anaerobic organisms, comprising both 
rod-shaped and spherical forms. Kecently, however, it has been 
definitely established that this acid is also produced during the growth 
of certain fungi belonging largely to the Mucorales. Although these 
fungi have long been Imown as capable of growing both under aerobic 
and anaerobic conditions, the final product of their anaerobic metabo- 
lism. has usually been found to be an alcohol. On the other hand, 
lactic acid is produced by some of these fungi in an aerobic environ- 
ment, with, the organisms forming a pellicle on the surface of the 
medium; even when the cultures are thorougtily aerated, the acid 
still is formed. One may, therefore, be justified in asldng whether the 
lactic acid thus produced by the fun^ is a result of the aerobic oxida- 
tion of the carbohydrate or whether it is due to an anaerobic phase of 
their metabolism. In other words, can lactic acid be a product of 
normal respiration, that is, of the oxidative activities of the fungi, 
or do the fungi possess, like animals and higher plants, a fermentative 
or glycolytic stage in their metabolism. 

The following experiments deal with the nutrition of a fungus 
belonging to the genus Rhizopus,^ its ability to produce lactic acid 
from different carbohydrates, the mechanism of production of this 
acid, and the role of this process in the metabolism of the fungus. 

METHODS 

It has previously been shown (SO) ^ that the species of Rhizopus 
used in the work reported in this paper grows readily on simple inor- 
ganic media containing glucose or starch as sources of energy and 
carbon for cell synthesis. When CaCOs was present in the medium, 
abundant lactic acid was produced and accumulated in the medium. 
In the absence of a neutralizing agent, lactic acid was formed but it 
accumulated only until the limiting reaction was reached, namely, 
about pH 4.0; however, growth of the organism continued even after 
this reaction had been attained. 

In order to measure the evolution of CO 2 during the growth of the 
organism, KOH or NaOH solutions were used in some experiments 

1 Received for publication Mar. 21, 1938. Issued February 1939- Journal series paper of tbe New Jersey 
Agricultural Experiment Station, Department of Soil Chemistry and Microbiology. 

^ Of the group R. arrhizus ov R, nodoms. 

3 Italic numbers in parentheses refer to Literature Cited, p. 898. 
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to neutralize the acid formed. The addition of the alkali was begun 
after growth of the fungus was well established. Because of the 
detrimental effect of even a slight excess of the alkali on germination 
of the fungus spores, care was exercised not to render the medium too 
alkaline. An excess of alkali can be avoided by the addition of an 
indicator to the medium; bromcresol purple, at the rate of 1 cc of a 

0 . 5-percent solution per 100 or 200 cc of medium, was found to be 
suitable for this purpose. The sterile alkali sohition, 0.25 to 1.0 N, 
was added directly to the culture un.til a change in color at about pH 
6.0 had been attained. An arrangement for the growth of the or- 
ganism, for the neutralization of the acid produced, ana for measure- 
ment of the CO2 liberated in the process of growth is shown in figure 

1. The CO2 was absorbed in a standard Ba(OH)2 solution and the 
excess barium titrated with standard oxalic acid solution. 



Figure 1. — Apparatus for neutralization of acid formed and for measurement of 
CO 2 evolved in the growth of fungi: Sterile 0.25 N KOH is introduced from ^ 

reservoir (/) into culture flask {d) by means of stopcock {g ) . The flask is shaken 
gently in rotary fashion during the addition of alkali until the desired pH value 
is obtained as indicated by color change of indicator in culture solution. The 
air is freed of GO 2 and washed by passage through a soda lime column (a), 
10-percent H 2 SO 4 (5), and water (c). The C 02 from culture flask (d) is aspirated 
into a series of tubes (e) containing standard Ba(OH )2 solution. 

The medium most commonly used in these investigations consisted 
of 2 g of (NH4)2S04, 0.5 g of K2HPO4, 0,6 g of MgSO^.THsO/and 0.1 g 
of Fe2(S04)3 per liter of distilled water. Potato starch or glucose 
was usually used m concentrations of 2.5 percent. Ordinarily, the 
medium was distributed in. Erlenmeyer flasks, but for respiration 
studies, round-bottom long-necked flasks were used. Incubation took 
place at 28® C. The cultures were allowed to remain undisturbed for 
2 days; sterile CaCOg was then added, equal to the amount of carbo- 
hydrate added to the culture, and the flasks were shaken by hand, 
once or twice daily, for a minute or two. In the aeration studies, 
the allvali was added once every day and the culture well shaken during 
the addition of the alkali solution. 
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At the end of different periods of incubation, the cultures were 
removed and filtered through paper. The pellicles from the CaCOs- 
free cultures were collected, dried at 100® C., weighed, and analyzed 
for total nitrogen and ash. When CaCOs was present in the medium, 
the pellicles were first washed with a dilute HCl solution and water. 
It was later found that an approximate determination of the growth 
of the organism could be obtained by washing the pellicle with hot 
water, analyzing for total nitrogen, and calculating the growth on the 
basis of the nitrogen in the pellicle. This calculation was especially 
useful for cultures containing calcium carbonate, which tended to 
give erroneously high weights. The filtrate and washings were made 
up to volume^ and analyzed for sugar by the Bertrand method, for 
ammonia by distillation, and for lactic acid by evaporation of an aliquot 
portion, drying, weighing, igniting, and re weighing. The lactic acid con- 
tent was calculated from the amount of CaO or K 2 O in the ash. This 
method of determining lactic acid is not strictly accurate, but it was 
regarded as being suitable for the experiments reported here, where, 
for the most part, marked changes in acid production were obtained 
as a result of the difi'erent treatments. Lactic acid is by far the 
chief acid produced by this organism; fumaric acid was found to be 
present in most cultures amounting up to 3 percent of the sugar con- 
sumed; small amounts of other unidentified acidic constituents were 
also found. Numerous analyses of the alcohol-precipitated salt 
from the cultures always yielded values for calcium content which 
checked closely with that for lactic acid. 

The amounts of the other minerals left in the culture were negligible, 
having been largely assimilated by the pellicle. When ammonium 
sulphate was used as a source of nitrogen, allowance was made for the 
calcium sulphate produced as a result of the assimilation of the ammo- 
nia by the organism. The calcium sulphate production was found to 
be roughly parallel to the ammonia consumption. The latter was 
either calculated from the residual ammonia or from the total nitrogen 
in the pellicle. 

In order to establish whether the acid thus produced by the fungus 
is primarily lactic, a quantity of the filtrate was evaporated to a 
small volume and the calcium lactate precipitated with alcohol. The 
precipitate was washed with alcohol, dried, weighed, and ashed. The 
CaO obtained corresponded closety with that commonly obtained 
from the calcium salt of lactic acid. The zinc salt was also prepared 
and analyzed for ZnO and for rotation. Here again the values checked 
closely with those for c^-lactic acid. This procedure was repeated 
frequently during these experiments and always yielded similar results. 
When cultures were to be neutralized with KOH, a measured quantity 
of CaCL was added before concentration in order to obtain the calcium 
salt. It was later found that upon the addition of alcohol, a small 
amount of a precipitate, consisting largely of phosphates and sulphates 
of calcium and magnesium, formed immediately. When this was 
rapidly removed by filtration and the liquid allowed to remain for 
24 to 48 hours, the final precipitate was practically pure calciumlactate. 

When starch was used as a source of carbohydrate, the residual 
starch of dextrin was determined by diluting an aliquot portion of the 
filtrate with water, making 2 percent acid by the addition of HCl, 
heating for 15 minutes at 15 pounds pressure, neutralizing, and deter- 
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mining the reducing sugar. Allowance was made for the sugar found 
directly in the culture. 

GROWTH OF RHIZOPUS AND PRODUCTION OF LACTIC ACID 

In the first experiment, 2 percent of raw potato starch was used as a 
source of carbohydrate. A large number of flasks were prepared so that 
several could be removed at different intervals. The total incuba- 


Table 1. — Carbohydrate decomposition and lactic acid production by Rhizopus 
and growth and nitrogen content of pellicle during incubation for various periods 

[Results on the basis of 1 liter of mediumj 


Period of incubation 
(days) 

Starch • 
left, as 
sugar 

Sugar 

present 

Total car- 
bohydrate 
consumed, 
as sugar 

Lactic 
acid pro- 
duced 2 

Total 

CO 2 

liberated 

I as C 

NH 4 N 

con- 

sumed 

Pel 

Weight 

llcle 

Nitrogen 

content 


Milli- 

Milli- 


Milli- 

Milli- 

Milli- 

Milli- 

Milli- 


grams 

grams 

Milligrams 

grams 

grams 

grams 

grams 

grams 

0 

18, 920 

0 

0 

0 


0 



1 

is; 580 

0 

340 

0 





2 . i 

17, 000 

540 

1,380 

0 

100 

17 



3 1 

7, 490 

6,340 

5,090 

3, 170 

293 

39 

! 420 

21 

4 1 

3 3, 930 

4,720 

10, 270 

8,350 

490 

47 

590 

30 

5 

3 1, 100 

3, 740 

14, 080 

11,710 

670 

59 



7 

3 400 

1,280 

17,240 

14,720 

941 

73 

^740 

37 

8 


300 

18,620 

14, 820 

1, 163 

82 

^920 

46 

10 .,. - 


60 

18, 860 

13, 340 

1, 522 

78 

1,090 

56 

12 

0 

0 

18, 920 

12, 770 

1, 710 

94 

15 

0 

0 

18, 920 

1,810 

98 

n,480 

74 

17—. 

0 

0 

18,920 

13, 310 

1, 881 

97 

24 

0 

0 

18, 920 

13, 220 

1,946 

95 

< i. 780 

89 


1 Including dextrin. 

2 Calculated from CaO in ash. 

3 No starch was left at 4 days; excess carbohydrate above sugar is due to dextrin. 
* Calculated from nitrogen content. 


tion period was 29 days. The results, presented in table 1, show that 
the starch was at first rapidly hydrolyzed by the organism to sugar, 
and only the sugar was utilized for lactic acid production. Within 4 
days all the starch had disappeared, although it had not all been con- 
verted to sugar. A part of it was left in the medium in the form of 
dextrin and could be converted to sugar by acid treatment. The 
pellicle was found to contain approximately 5 percent of nitrogen. 

During the early stages of growth of the organism, the sugar con- 
sumed, calculated as carbon, could not be fully accounted for by the 
sum of carbon in the pellicle, in the lactic acid, and in the carbon 
dioxide. After 3 days, for example, 5,090 mg of carbohydrate had 
disappeared, the equivalent of 2,036 mg of carbon. The three products 
accounted for only 1,719 mg of carbon, the carbon content of the pelli- 
cle being taken as 50 percent- Table 2 shows the carbon relationships 
at the different stages of development of the fungus. 


Table 2.— Carbon relationships at different stages of development of a f ungus of the 

genus Rhizopus 


Period of 
incuba- 
tion 
(days) 

Carbohy- 
drate con- 
sumed per 
liter of 
medium, 
as carbon 

Carbon 
accounted 
for in lactic 
acid, 
pellicle, 
and CO 2 

Period of 
incuba- 
tion 
(days) 

Carbohy- 
drate con- 
sumed per 
liter of 
medium, 
as carbon 

Carbon 
accounted 
for in lactic 
acid, 
pellicle, 
and COa 

Period of 
incuba- 
tion 
(days) 

Carbohy- 
drate con- 
sumed per 
liter of 
medium, i 
as carbon 

Carbon 
accounted 
for in lactic 
acid, 
pellicle, 
and CO 2 


Milligrams 
2,036 
4, 108 

Milligrams 

1,719 

3,973 

7......... 

8 -.,-..... 

Milligrams 

6,896 

7,448 

Milligrams 
7, 043 
7,383 

1Q_— — . 
24. 

MUligrams. 
7. ,544: 
7,568 1 

Milligrams 

7,263 

7,984 
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The difference in the carbon balance during the early stages of 
growth is believed to have been due to the formation of an inter- 
mediary compound which was later converted to lactic acid, cell sub- 
stance, CO 2 , or to all of these. Subsequent experiments demonstrated 
that this was actually the case; volatile intermediary products were 
demonstrated. 

The results of this experiment, and of other experiments reported 
previously { 29 ), show that lactic acid production attains a maximum 
in 7 to 8 days, at 28° C.; a period which corresponds with that re- 
quired for the complete disappearance of the carbohydrate. A de- 
tailed analysis of the course of growth of the fungus, consumption of* 
glucose, production of lactic acid, and evolution of CO 2 is presented 
graphically in figure 2. The results of the previous experiment with 
starch as the substrate were fully confirmed. 



Figure 2. — Course of carbohydrate consumption, lactic acid production, CO2 
evolution, and groAvth of Rhizopus. 


Assuming that lactic acid and CO 2 are the only final products of the 
reaction and leaving out of consideration the various intermediary 
products that are known to be formed, two possible explanations of 
the mechanism of lactic acid production by this fungus remain: 

Skeleton reactions 

-I-3O2 

(1) CeHisOe-^CsHeOs+CsHeOs; CaHA-^SCOs+SHsO 

(lactic acid) (Unknown compound) 

+302 

CeHA-AHeOs+SCOa+SHaO 

(lactic acid) 


( 2 ) 
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In reaction ( 1 ), the ratio of 


lactic acid carbon 


may be 1:1 or > 1 : 1 ; 


CO 2 carbon 

the latter is possible when less than half of the lactic acid, homologue is 
further oxidized. In reaction ( 2 ), the proportion of lactic acid carbon 
to CO 2 carbon cannot be greater than 1 : 1 . By analyzing the results 
reported in table 1 for the 3-, 4-, 5-, 7-, 8 -, and 24-day periods, the 
relations shown in table 3 are obtained. 


Table 3. — Analysis of the results 'presented in table 1 for the 3-, 4-, 5-, 7-, 8~ and 34' 
day periods to present lactic acid-carbon dioxide ratios 

[Results on the basis of I liter of mediurnl 


Period of incubation (days) 

Carbohy- 
drate C 

Lactic acid 
0 

CO 2 C 

Carbohy- 
drate 0 
(lactic acid C) 

Lactic acid C 
(CO 2 C) 

3 1 - 

Milligrams 
2,040 
4, 110 

Milligrams 
1,220 
3,190 ' 
4,580 
5,730 

i 

Milligrams 

290 

1.7:1 

4.2:1 

6.5:1 

4_ 

490 

1.3:1 

5^... 

5,630 
6, 900 
7,450 
7,570 

1 

670 

1.2:1 

6.8:1 

7 

940 

1.2:1 

6.1:1 

8 

5,760 

5,290 

1,160 

1,950 

1,3:1 

5.0:1 

24 

1.4:1 

2.7:1 



The ratio of lactic acid C to CO 2 C is always greater than 1 : 1 . It 
ranges from 4.2 : 1 to 6 . 8 : 1, with an average for the five determinations 
during the early active stages of growth of 5.7:1. An analysis of the 
relation between carbohydrate consumed and lactic acid produced 
shows also a ratio greater than 1 : 1 . These results point definitely to 
reaction ( 1 ) as the reaction concerned in the process of lactic acid pro- 
duction by Ehizopus. This reaction can be developed further to show 
that in addition to the lactic acid, an intermediary product is formed, 
which can be partly oxidized to CO 2 and partly transformed to lactic 
acid: 


nC6Hi206 = nC3H603 + nCsHeOs 

, ^ , 'i' + O2 

Lactic acid Lactic acid + 3 CO 2 + 3 H 2 O 

In the foregoing experiment, there was, after 24 days^ growth, 
5,290 mg of lactic acid carbon as compared with 1,950 mg of CO 2 
carbon. At that time the ratio of carbohydrate carbon to lactic acid 

carbon was oi' 1.4:1, and the ratio of lactic acid carbon to CO 2 

carbon was or 2.7 1 : 1, These ratios tend to approach the require- 
ments^ for reaction ( 1 ). On the basis of the results of this experi- 
ment it may be concluded that Rhizopus breaks down the sugar first 
to some intermediate product, that part of this product is oxidized to 
GO 2 , supplying the necessary energy for the growth of the organism, 
part is utilized for cell synthesis, and part is transformed to lactic 
acid. The balance between these three transformation products can 
be readily influenced by the conditions of growth of the organism. 
It will later be shown that the presence of different elements, notably 
salts of heavy metals, influence growth and lactic acid production 
differently. 
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In order to demonstrate quantitatively that the acid produced in 
the different stages of growth of the organism is lactic acid or pre- 
dominantly so, the filtrates from several flasks of the organism grown 
on the above medium were collected after 7, 17, and 28 days’ growth, 
concentrated on a water bath, and the calcium lactate precipitated with 
alcohol, washed with alcohol, and dried. The filtrate was further 
concentrated to a small volume and again precipitated with aicohoL 
The two precipitates were then combined and analyzed. The actual 
yields of calcium lactate obtained by precipitation were compared (table 
4) with the amounts of lactic acid as calculated from the CaO content 

Table 4. — Purity and yield of acid 'produced hy Rhizopus as compared with calcu- 
lated yields after 7, 1 7, and 28 days of growth 


[Results on the basis of 1 liter of medium] 


Item 

7 days 

17 days 

28 days 


Milligrarm 
17,8.52 
5,108 1 
1,850 
3, 258 

Milligrams > 
18, 120 
5, 780 

1, 770 

Milligrams 
16, 220 
5, 060 
1,680 
3,380 
10,816 

: 0 




4 ; 010 

12, 832 

0 


10, 420 

3, 263 

STlgp.T TIeft in __ _ _ 

Total soluble material accounted for 2 

17, 886 
13,320 
3, 552 

17, 460 

14,910 
9, 528 
2,583 
1,845 

Precipitation of soluble material with alcohol, total yield obtained. . 
Total ash in precipitates 

14, 397 
3,715 

2, 653 

Ash calculated as Ca**"*’ - 

2, 573 

Lactic acid by difference - 

10, 747 

Perceyit 

20.7 

11, 744 

7, 683 

Percent 

27.1 

Ash found in lactate preparation 3 

Percent 

1 25. 8 




1 This is calculated from total minerals added minus the minerals in the ash in pellicle. 

2 Allowing for the CaO as Ca+-^ in the medium. 

3 Theoretical ash content in Ca lactate 25.7 percent; the slightly higher ash content found was later shown 
to be due to small amounts of phosphate impurities accompanying the lactate. 

of the culture. After 7 days of growth of the organism, correlation 
between the two sets of results was very good. However, after 17 
days, the yield of lactic acid by precipitation was somewhat less 
(8.5 percent) than that calculated from the ash content, and after 28 
days the discrepancy was even greater (29.9 percent). Possibly 
this is due to the fact that, when all the sugar has disappeared, some 
of the lactic acid may become further oxidized to lower acids, as has 
been suggested previously (7, 11, 29). 

INFLUENCE OF DIFFERENT FACTORS ON GROWTH OF RHIZOPUS 
AND PRODUCTION OF LACTIC ACID 

REACTION OF THE MEDIUM 

As pointed out above, the growth of Rhizopus upon carbohydrate 
media, as well as the formation and accumulation of lactic acid, is 
influenced considerably by the reaction and buffer content of the 
medium. In the following experiment the reaction was adjusted 
daily by the addition of sterile 0.5 N KOH solution. Some of the 
flasks were kept at pH 6.0, while others were made slightly alkaline, 
that is, pH 7.5 or higher. The results presented in table 5 show that 
when the reaction of the medium was kept alkaliiie, the organism 
produced more abundant growth but less lactic acid; in 12 days, there 
was more than twice as much growth at pH 7.5 as atpH 6.0, with about 
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half as much lactic acid produced. Thus conditions favorable to 
growth are unfavorable to lactic acid accumulation since more of the 
intermediary compound is used for energy, growth, and the metabolic 
activities of the organism. The nature of the acid formed was exactly 
the same when KOH was used as the neutralizing agent as when 
CaCOs was used. 

Table 5. — Influence of reaction of medium on growth of and lactic add /production 
hy Rhizopus after 12 and 28 days 


[Results on the basis of 1 liter of medium] 


■ ' ■ 1 

Item 

Medium pH 6.0 

Medium 
pH 7.5+ 

12 days 

28 days 

12 days 

NH 3 N consumed j 

Milligrams 

85 

1, 680 
61 

17, 730 
7, 540 
5, 930 
11,360 
17, 890 
11, 440 
9,600 

Percent 

26.4 

Milligrams 
175 
2,670 
142 
14, 040 
5,640 
3, 970 

7, 600 
12, 570 
8,360 

Milligrams 
197 
3, 790 
178 
10,800 
5,040 
3, 500 
6, 700 
11,150 

Fungus pellicle 

N found ip prowth . . . . _ _ _ . . _ 

Tnt.al -Snlnble - - - - - ^ ' 

Soluble ash ' 

Soluble K 2 O 

Laetic acid calenlfltp.d from . ^ 

Total soluble material accounted for 

Lactic acid obtained by precipitation with alcohol as Ca salt 

PnrifiAd Op. f 05 TT 5 n 3)2 

Ash in lactate - - 

Percent 

27.0 

Percent 




In order to elucidate further the influence of reaction upon the 
metabolism of the organism, an experiment was made in which starch 
was used as the carbohydrate. In some of the flasks the reaction 
was adjusted daily to pH 5.5 and 6.5 by the use of sterile 0.25 N KOH 
solution; in the other flasks the reaction remained acid (about pH 4.0 
or less). At the end of 4, 8, and 15 days, some of the flasks were 
removed for analysis. The organism began to grow rapidly at pH 
4.0 (table 6), but in the absence of a neutralizing agent, the lactic acid 

Table 6 . — Influence of reaction of medium on growth of and lactic acid production 
hy Rhizopus in starch media after S, and 15 days 


[Results on the basis of 1 liter of medium] 


Item 

Medium pH, 4.0 

Medium pH, 5.5 

Medium pH, 6.5 

4 days 

8 days 

15 days 

4 days 

8 days 

15 days 

4 days 

f ■ 

8 days 

15 days 

Starch left as sugar 

Sugar in medium,.. 

Carbohydrate consumed, as 

sugar.... 

Growth of fungus... 

Nitrogen in growth. 

Lactic acid produced 1 

Milli- 

grams 

3,430 

10,010 

5,710 

2,150 

101 

Milli- 
grams 
3, 180 
4,770 

11,200 ‘ 
2,510 

4,320 

Milli- 

grams 

0 1 
4,380 

14,770 

2,210 

93 

3,300 

Milli- 
grams 
1,690 i 
6,500 ^ 

10,960 

1,300 

73 

5,890 

Milli- 

grams 

0 

290 

18, 860 
2,640 
134 
12, 730 

Milli- 

grams 

0 

0 

19,150 
3,480 : 
168 
10,750 

Milli- 

grams 

2,850 

5,730 

10, 570 
1,480 
71 

7,300 i 

Milli- 

grams 

0 

160 

18, 990 
2,010 
108 
13,070 

Milli- 

grams 

0 

0 

19, 150 
3,430 
176 
10, 390 


1 Calculated. 


soon made conditions unfavorable for further growth, by lowering the 
pH, so that, even after 15 days, considerable carbohydrate was left in 
the medium. At the less acid reaction growth was at first slower and 
was accompanied by more abundant lactic acid production. The 
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carbohydrate nearly disappeared in 8 days, but the organism continued 
to grow, presumably at the expense of the intermediary substance. 

Three distinct steps are thus observed in the transformation of 
starch by Bhizopus, ^ (1) The hydrolysis of the polysaccharide to 
sugar. This process is independent of the reaction of the medium 
within the pH range used and it depends entirely on the growth of 
the fungus. (2) The transformation of the sugar to lactic acid. 
This process is markedly influenced by the reaction of the medium. 
At a high acidity, only a limited amount of acid is formed, but the 
organism continues, to decompose the sugar, without producing any 
acid. Whether, under these conditions, the acid is formed and is 
again oxidized, or whether the sugar is oxidized directly remains to 
be determined. (3) Possible oxidation of the lactic acid to CO 2 
through the stage of certain lower organic acids. This process has 
been observed only in old cultures, hence possibly it is not to be con- 
sidered in the system of glucose dissimilation by the organism. As 
mentioned above, small quantities of fumaric acid were constantly 
found in these cultures. In this respect the organism behaves similar 
to Rhizopus oryzae (11), In the second step, the possibility is not 
excluded that, in addition to lactic acid, sugar gives rise to another 
intermediary product which is gradually oxidized further, before the 
lactic acid is itself attacked. 

TEMPERATURE 

Lockwood et al. (11) found that Rhizopus grew better at 40° than 
at 30° C., but that the yield of lactic acid and especially the efflciency 
of its production, or the ratio of glucose consumed to acid produced, 
were less at the liigher temperature. A series of liter flasks containing 
500-cc portions of 5-percent potato starch were inoculated with spores 
of the fungus and incubated at 28° for 48 hours. Sterile CaCOs was 
then added to all the flasks and these were incubated for 9 days at 
different temperatures. The flasks were shaken daily by hand, for a 
few minutes. The results (table 7) show that although the optimum 

Table 7. — Influence of temperature on growth of and lactic acid production hj 
Rhizopus on potato-starch medium at different temperatures 


[Results on the basis of 1 liter of medium containing 50 g of raw potato starch] 


Temperature (° 0.) 

Sugar left as 
as glucose 

Lactic acid 
produced i 

Weight of 
fungus pellicle 

20 — 

Milligrams \ 
9/100 
3, 400 
400 
29,100 

Milligrams 
24,900 
34, 200 
30, 300 
5, 400 

Milligrams 
2,800 
3,200 
3, 600 
300 

28 - - --- 

37 - 

45-50 



1 Calculated. 


temperature for growth was 37°, that for acid production was 28°. 
Above and below these temperatures there was a rapid reduction in 
growth, an increase in sugar production from starch, and a decrepe 
in lactic acid formation. Conditions unfavorable for the production 
or accumulation of lactic acid are not necessarily unfavorable for the 
formation of sugars from starch, a finding which again suggests a 
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diiference in the mechanisms responsible for the processes of starch 
hydrolysis and glycolysis of sugar. 

In a further experiment pellicles were employed for the study of the 
influence of temperature on the production of lactic acid from glucose. 
The fungus was grown at 28° C. in the presence of CaCOs, the filtrate 
was removed, and the peUicles were washed with sterile water. Sterile 
glucose solution and sterile CaCOs were added to the flasks containing 
the pellicles, and these were incubated at different temperatures for 
2 and 4 days. The results obtained (table 8) were similar to those of 
the preceding experiment (table 7). 

Table 8. — Influence of temperature on lactic acid production by Rhizopus pellicle 
on glucose medium at diferent temperatures 


IHesults on the basis of milligrams per liter of medium containing 25 g glucose] 


Temperature of incubation (° C.) 

2 days’ incubation 

4 days’ incubation 

Sugar con- 
sumed 

Lactic acid 
produced 

Sugar con- 
sumed 

Lactic acid 
produced 

20 

Milligrams 
11, 430 
13, 140 
9,780 
7, 170 
1,050 

Milligrams 

Milligrams 
13,730 
21,420 
16, 700 
13,900 
Trace 

Milligrams 
8,030 
13, 820 
9,120 
5, 090 
380 

28 

10, 270 
5, 660 
2,690 
960 

35 

42 


- 


NITROGEN SOURCE 

It has been shown {29) that nitrate is not a favorable source of 
nitrogen for the growth of Rhizopus or for lactic acid production, 
whereas ammonium salt is. Repeated comparisons between urea and 
ammonium sulphate as sources of nitrogen brought out the fact that 
both are favorable, provided precautions are taken not to split the 
urea to ammonium carbonate on sterihzation, thus causing an alkaline 
reaction of the medium. In many of the subsequent experiments, 
urea was used as a source of nitrogen for the growth of the fungus, 
sterde urea solution being added to the medium. When fully grown 
pellicles were employed, the presence of available nitrogen was found 
to favor continued growth and to repress lactic acid accumulation. 

RARE AND HEAVY METALS 

^The results of previous experiments brought out the fact that con- 
ditions favorable to the growth of the fungus are usually unfavorable 
to the production or accumulation of lactic acid. An attempt was 
made to find some chemical element or compound which would in- 
fluence these two processes differently. The effect of salts of heavy 
metals and cell poisons was, therefore, studied. Records of a number 
of investigations are found in the literature concerning the action of 
heavy metals upon species of Aspergillus. According to McHargue 
and Oalfee (jf5), the growth oi Rhizopus nigricans is favored by the 
addition of Cu, Mn, and Zn, and especially by mixtures of these, in 
concentrations of 1 to 5 parts of the metal per million parts of medium. 
Lockwood et al. have also shown that zinc, in concentrations of 10 to 
50 mg per liter, stimulates the growth of Rhizopus and the consump- 
tion of glucose; however, the presence of this element was found to 
result in a reduction in the vield of lactic acirl 
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In the present studies, the basic medium consisted of 2 percent of 
glucose, 0.1 percent of (NH4)2S04, 0.05 percent of K2HPO4, and 0.05 
percent of MgS04.7H20. The salts of the various elements tested 
were added on an anhydrous basis. Technical glucose was employed 
in the first experiment and c. p. anhydrous glucose in the others. In 
order that the effect of an organic source of nitrogen might be com- 
pared with that of the inorganic salt, 0.2 percent of peptone ivas sub- 
stituted for the ammonium salt in one series of flasks. Some of the 
flasks received CaCOg in excess (20 g per liter) and the others were 
left free of carbonate. Analyses were made in duplicate after 7, 11, 
and 25 days’ incubation at 28° C. and in a few cases after 4 days. 

Table 9 . — Influence of heavy metals and certain rare elementSy in the presence and 
in the absence of calcium carbonate^ on the growth and acid production by Rhizopus 
at diferent stages of development 


[Results on the basis of 1 liter of medium] 


Treatment 

1 

Growth ill i— 

Glucose con- 
sumed in-— 

Nitrogen 

consumed 

in— 

Lactic acid produced in 2 — 

7 

days 

11 

days 

25 

days 

4 

days 

7 

days 

7 

days 

11 : 
days 

4 

days 

7' 

days : 

11 

days 

25 

days 

Calcium carbonate used 

Control 

mili- 
grams 
2, 100 
1,580 
4, 520 

1, 950 
2, 150 

2, 050 
2, 250 
2, 030 

2,000 
1,480 
3, 500 
2,420! 
2, 490 
1,430 
1,820 
1,950 

Milli- 
gramsi 
2, 030 
1, 570 
3, 620| 
2, 070j 

Milli- 
grams 
1,950 
2,180 
3, 750 

MUli-\ 

gram8\ 



Milli- 

grams 

17.840 
17, 080 
18, 360 
17, 290 

16, 180j 

17, 630 
17, 790 
17, 950 

12.840 
9, 690 

14.480 
11,260 
11,010 
11,440 
12,710 

12.480 

1 

MillP 

grams' 

77! 

55 

185 

72 

79 

70 

82 

81 

91 

85 

185 

no 

117 

62 

77 

^74 

MUli-\ 

grams' 

93 

60 

176 

91 

Milli- 

grams 

Milli- 
grams 
13,550 
14, 140 
7, 750 
13, 270 
11,560 
15, 930 
12, 740 
15, 160 

Milli- 

grams 

10,440 

13,920 

5,770 

12,930 

Milli- 

grams 

10,660 

8,400 

,3,600 

FeCls 

4, 420 
13,170 

5,390 

5,890 

ZnS 04 


CuSOV . - 


1, 560 

Tr. 


NasBOs 

2, 150 
2, 150; 
1, 990 


102 
97i 
^ 91 

10,700! 
10, 790 
11, 720 


Na, 2 Mo 04 . j 

2, 070 
2,000 



9, 890 
12,250 

Peptones _ 



No calcium carbonate 

Control . 



FeCb 



5,910 

10,810 


5, 330! 
2, 570 




ZnS04 


2,790 




5,670 

MnS04 





OUSO 4 



4, 320 


: 3,470 




Nf^3BC3 







NasWoO^ 

1, 580 
1, 530 



94 

: ^68 





Peptone 

1,730 






3, 350 







1 The pellicle in the CaCOs flasks was calculated from the nitrogen content, as found in the i>ellicles 
grown in the CaOOs-free flasks, to avoid washing with HOI. 

J Calculated from calcium in solution. 

3 In place of NH 4 as source of nitrogen. 

* Nitrogen actually found in pellicle. 

The results of the first experiment (table 9) show that the salts of 
various heavy metals and of other elements not commonly employed 
in culture media had a different effect on the growth and lactic acid 
production of Rhizopus. Some elements, such as iron and copper, 
had a depressing effect, in the concentrations used, both on growth 
and glucose consumption, but the effect on acid production was 
favorable. Other elements, especially zinc, were highly stimulating 
to the growth of the organism and to sugar consumption, but the 
effect on acid accumulation was depressive. Certain elements, such 
as manganese and molybdenum, had little additional effect on either 
growth or acid formation. Boron stimulated acid production at 
first, but later this effect tended to disappear. Peptone had no 
advantage over the ammonium salt as a source of nitrogen and con- 
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tributed none of the so-called biotic factors, for which this organism 
has no particular need. The results of this experiment point definitely 
to the presence of certain elements, notably zinc, as favoring growth 
of the fungus. Growth, however, takes place at the expense of the 
formation of lactic acid. 

Further experiments were performed in which various concentra- 
tions of some of the above elements, as well as combinations of these, 
were used in order to determine whether both maximum growth and 
maximum acid production can take place simultaneously. Anhy- 
drous c. p. glucose (2.5 percent) was used in this experiment; 0.2 per- 
cent of (NH 4 ) 2 S 04 , 0.1 percent of K 2 HPO 4 , and 0.05 percent of MgS 04 . 
7 H 2 O were added to make up the stock medium; the salts of the 
various elements were calculated on an anhydrous basis. All the 
flasks received CaCOs, 2 days after inoculation. 

Table 10 . — Influence of heavy metalsj and certain rare elements in different concen- 
trations on the growth and acid 'production hy Rhizopus after 5, 11^ and 18 days 


[Results on the basis of 1 liter of medium] 


Treatment * 

Growth in— 

Glucose 

con- 

sumed 

Nitrogen con- 
sumed in— 

Lactic acid produced 
in— 

5 

days 

11 

days 

- 18 
days 

52 

days 

5 

days 

11 

days 

18 

days 

5 

days 

11 

days 

18 

days 

No Fe, no Zn 

2,450 

2,950 

3,090 

19, 620 

104 

123 

126 

13, 680 

13, 700 

13, 800 

Fe: 











2 mg-... 

2,420 

3, 380 

3,160 

18, 340 

97 

129 

129 

12,960 

12, 960 

13,390 

6 mg-. 

2,270 

3, 070 

2, 870 

18, 350 

85 

117 

126 

13,550 

13,670 

1 14,040 

20 mg ' 

1,270 

2,310 

2,530 

14,070 

41 

87 

117 

12 ; 400 

1 15,280 

14 ; 070 

Zn: 








1 


1 

5 mg 

5,920 

6, 380 

5,620 

20, 810 

305 

313 

261 

1 6,050 

7, 810 

8,840 

20 mg 

5,000 

6,820 


20, 490 

258 

337 


7, 560 

5, 860 


5 mg Fe+5 mg Zn 

6,970 

7, 020 

7,400 

20,880 

361 

370 

379 

2 ; 760 

4 ; 340 

3,160 

5 mg Fe+lO mg Zn 

6,200 

8,020 

7,420 

19,460 

332 

379 

379 

3,940 

4,030 

5,020 

5 mg Fe+5 mg Zn+5 mg Mn. 

6,700 

8,330 

8, 180 

20, 630 

358 

379 

379 

2,910 

3, 660 

4,090 

5 mg Fe+5 mg Zn+5 mg Mn 











+5 mg Cu 

6,800 

8,030 

8,140 

21, 100 

370 

379 

379 

1 2,640 

! 3,350 

2, 670 

Nag Bos, 5 mg 

1,770 


2,650 

18, 180 

72 


123 

13,760 


14, 350 

Nas Bos, 10 mg 

2,010 


2,650 

18,410 

92 


117 

! 12,960 


13,890 




i 




1 Fe==Fe2(S04)3, Zns=ZnS04.7H20, Mn=MnS04.5H20, Cu=CuS04.5H20, all on an anhydrous basis; 
milligrams of salt per liter of medium. 

2 All sugar (24,050 mg) consumed in 11 days. 


Zinc was again found (table 10) to be specific in catalyzing the 
growth of tbe fungus. None of the other elements tested could take 
its place; they merely supplemented it by stimulating growth further. 
The effect of iron upon growth was, by itself, limited; however, when 
zinc was also added, there was an increased stimulating effect. The 
same was true of manganese and possibly copper. The influence of 
the last three elements was exerted directly upon the growth of the 
fungus (fig. 3). In all cases increased growth was accompanied by a 
reduction in the amount of lactic acid produced. This suggests the 
possibility tliat these elements favor oxidation of the pi^ecursor of 
lactic acid, thus resulting in a decrease in the formation of this acid, 
and thereby making more energy available for the growth of the 
fungus. In order to determine whether the organism is capable of 
oxidizing the lactic acid itself, an attempt was made to grow it on a 
calcium lactate medium, with and without the zinc salt. It was 
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found that neither spore inoculation nor young pellicles made any 
growth with lactic acid as the sole source of energy. 

The following experiment illustrates further the specific effects of 
zinc on the growth and acid production of Rhizopus, as well as on the 
lactic acid formed. Eight liters of medium containing 5 percent of 
c. p. glucose and nutrient salts were divided into two lots, one receiving 
0.001 percent of 1 ^ 62 ( 804)3 and the other 0.001 percent of ZnS 04 . 
The media were distributed, in 400-cc portions, into 1-liter flasks, 
sterilized, and inoculated. Ten-gram portions of CaCOs were added 
to some of the flasks. These were incubated at 28° C. and analyzed in 
duplicate after 6, 11, 16, and 25 days. The filtrates v^ere evaporated 
to a small volume, precipitated with alcohol, and the lactate recovered. 

The results presented in table 1 1 show that, although in the presence 
of zinc the sugar was consumed more rapidly, the growth of the fungus 
was even more rapid. After 6 days^ incubation, the consumption of 
the sugar was, in favor of the zinc, 38.47: 26.05 or a ratio of 1.48:1, 
but, the corresponding dry weights of the fungus pellicle for the same 
period were 4.78:1. This extensive development of the fungus took 



Figure 3. — Influence of different elements upon the growth of Rhizopus, on liter 
basis: A, Control: B, 2 mg 'Fe 2 (S 04 ) 3 ; Cy 5 mg Fe 2 (S 04 ) 3 ; 5 mg ZnS 04 ; By 

10 mg Fe 2 (S 04 ) 3 -f 10 mg ZnS 04 ; F, 5 mg each of Fe 2 (S 04 ) 3 > ZnS 04 , and MnS 04 ; 
G, 10 mg each of Fe, Zn, Mn, and Cu (as CUSO 4 ) salts. 

place at the expense of the formation of lactic acid, which was reduced 
to less than one-half in the presence of zinc as compared with that in 
cultures not containing zinc. Similar results were obtained after 11, 
16, and 22 days, when all the sugar had disappeared both in the 
presence and in the absence of zinc. The growth of the fungus was 
still twice as great in the presence of zinc as in its absence and the 
production of lactic acid was greatly reduced. The nitrogen was also 
consumed more rapidly in the cultures wdth zinc, so that additional 
ammonium salt had to be introduced (250-mg portions per flask), 
after 7 and 12 days’ incubation. 

The results of another experiment on the decomposition of glucose, 
in the presence of CaCOs, are presented graphically in figure 4. In 
the absence of zinc, lactic acid was rapidly produced in the cultures of 
Rhizopus Sind was allowed to accumulate.. At first the acid yield was 
high; then it gradually lessened up to about 13 days, when it remained 
constant. In the presence of zinc, the yield of lactic acid was consider- 
ably lower ; however, when maximum growth was attained, lactic acid 
began to accumulate. It is of particular interest to note that, during 
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Table 11. — Influence of iron and zinc upon the sugar and nitrogen consumed and 
the lactic acid produced by RhizopuSf and on its growth^ in the presence and in the 
absence of calcium carbonate 


fResuIts on the basis of 1 liter of medium containing 5 percent of anbydrous glucose] 



PERIOD OF INCUBATION COAYS) 


I'lGURE 4. -Course of sugar decomposition, growth (nitrogen consumption), and 

lactic acid production by Rhizopus, as influenced by the presence of zinc in the 
medium. 
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the early stages of growth of the fungus, there was an inverse parallel- 
ism between growth and lactic acid production, both in the absence 
and in the presence of zinc. These results tend to show that zinc 
favors a more abimdant growth of the organism, which is accompanied 
by a more rapid and complete destruction of the sugar, while lactic 
acid does not accumulate. In the absence of zinc, the carbohydrate is 
transformed largely to the lactic acW,with the liberation of a^ smaller 
amount of energy, as a result of which growth of the fungus is much 
more limited. 

INFLUENCE OF OXYGEN TENSION ON LACTIC ACID PRODUCTION 
BY FUNGUS PELLICLES 

To obtain further information concerning the process of lactic acid 
production by RhizopuSj it was necessary either to eliminate the growth 
of the organism or to reduce it as much as possible. This could be 
accomplished by the use of fully developed pellicles. The fungus was 
grown in 2 00-cc portions of medium placed in 500-cc Erlenmeyer 
flasks. The medium contained, in addition to the ordinary minerals, 
2.5 percent of glucose and 0.001 percent of ZnS 04 , and to obtain more 
vigorous growth CaCOs was usually added also. After 6 to 7 days^ 
incubation at 28° C., the filtrate was removed and the pellicle washed 
thoroughly with sterile distilled water. Sterile portions of sugar 
solution were then added to the flasks containing the pellicles. 

Table 12. — Influence of oocygen tension on lactic acid production by Rhizopus 
pellicles, in the presence and in the absence of calcium carbonate, after 4, 7, 10, and 
15 days of growth 

[Eesults on the basis of 1 liter of medium] 


Item 

4 days 

7 days 

10 days 

15 days 

Aerobic 

Anaerobic 

Aerobic Anaerobic 

Aero- 

bic 

Anaerobic 

-i.r s- 


1 + 

6 

o 

: § 

1 

6 

o 

c3 

o 

+ 1, 

6 o 

o o 

03 ea 

O Q 

± 

CD 

D 

03 

o 

is 

6 o 

o o 

o3 a 

Q O 

1 

6 

o 

03 

o 

1 

6 

o 

c3 

o 

+ i 

o d 

o o 

o3 c3 

o o 

i K 

6 6 

0 o 

C3 C3 

O Q 


0. 

<?. 

Q. G. 

G. 

G. G. 

G. 

a. 

G. G. 

G. G. 

Sugar consumed- __ 

16. 73 

13. 85 

17.62 15.00 

25.00 

17.35 23.23 

20. 46 

18. 65 

25.00 23.40 

22.61 22.64 

Free lactic acid 

.42 

4. 32 

. 64 3. 94 

.15 

5. 28 . 29 

6. 66 

7. 01 

.29 6,15 

7.84 6.00 

Lactic acid as cal- 










cium salt 

8.91 

.07 

7. 41 1. 17 

14.79 

.29 11.71 

.55 

0 

12. 29 1. 63 

.48 1.06 

Total lactic acid— _ 

9.33 

4. 39 

8. 05 5. 11 

14.94 

5.57 12.00 

7. 21 

7.01 

12. 58 7. 78 

8.32 7.06 


Per- 

Per- 

Per- Per- 

Per- 

Per- Per- 

: Per- 

Per- 

Per- Per- 

Per- . Per- 

Sugar converted to 

cent 

cent 

cent cent 

cent 

cent cent 

1 cent 

cent 

cent cent 

cent cent 

lactic acid-- 

m 

32 

46 34 

60 

32 52 

35 

38 

50 33 

37 , 31 


The results of the first experiment (table 12) show that, under 
aerobic conditions and in the presence of CaCOs, the pellicle of the 
fungus converted 56 percent of the sugar to lactic acid in 4 days and 
60 percent in 7 days. In the absence of CaCOs the rate of glycolysis 
was slower and the yield of acid less. The small amount of acid re- 
ported as the calcium salt when no CaCOs was added was due to some 
carbonate adhering to the pellicle which was not removed by the 
wasMng process. The rate of glycolysis, as measured by the disap- 
pearance of the sugar, was practically the same under anaerobic as 
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undGr &6robic conditionSj but tbc rQ,t6 of luetic ftcid production wus 
less under anaerobic conditions, usually about 50 percent, in the pres- 
ence of CaCOs. When the CO3 liberated under anaerobic conditions 
and in the absence of CaCOs was collected and measured, it was found 
to be approximately equivalent to the amount that would be expected 
from reaction (1), i.”e., equimolecular concentrations of sugar consumed. 

These results prove conclusively that lactic acid formation can take 
place under anaerobic conditions, by a fermentative naechanism. They 
prove further that the presence of oxygen does not hinder the produc- 
tion of lactic acid but may actually favor it, although the production 
process is accompanied by the consumption of some of the energy and 
carbon for growth purposes. These results suggest further that the 
enzyme system of the pellicle transforms the carbohydrate to lactic 
acid and to some other unidentified substance of the nature of an alco- 
hol. This was later shown to be ethyl aclohol, by formation of the 
dinitro-benzoic acid ester. Under aerobic conditions this alcohol or 
its precursor is oxidized further, yielding energy for growth and giving 
more lactic acid. 

The above experiment was repeated with pellicles grown for 8 days 
on a urea-CaCOs medium (containing also glucose, ZnS04 and other 
minerals). The pellicles were washed and sterile 2.5-percent glucose 
solution added. Some of the flasks were thoroughly aerated by bubbling 
air through the culture 5 to 8 hours every day, while others were kept 
in a CO2 atmosphere. After 5 days’ incubation at 28° C., all the flasks 
were removed for analysis. The results obtained (table 13) confirmed 
those of the previous experiment in showing that under anaerobic 
conditions and in the presence of CaCOs, only 50 percent of the carbo- 
hydrate was converted to lactic acid, while in the presence of an excess 
of oxygen more lactic acid was formed. 

Table 13 . — Influence of aeration on lactic acid production by Rhizopus pellicles in 
the presence and in the absence of calcium carbonate 


[Results on the basis of 1 liter of medium] 


Item 

Aerated 

Anaerobic 

CaCOs 

No 

CaOOs 

CaOOa 

No 

CaCOs 

Sugar consumed i 

Grams 

26.70 

Grams 
26. 70 
7.00 
4. 06 
11.06 

Percent 

41.4 

Grams 

23.56 

Grams 
24.37 
7.81 
2.61 
10. 42 

Percent 

42.8 

Free lactic acid 

Lactic acid as calcium salt ! 

15.36 

15.36 

Percent 

57.5 

12.12 
12. 12 

Percent 

51.5 

Total lactic acid - 

Sugar converted to lactic acid... 


1 Sugar in control was 26.70 g. 


The pellicles were also found to be capable of converting starch to 
lactic acid. In the following experiment a sterile 2.5-percent solution 
of raw starch was added to 7-day-old pellicles grown on glucose -|- 
CaCOs medium. No nutrients were added to the starch solution. 
The flasks w^ere incubated at 28° C. under anaerobic conditions for 7 
days (table 14). All the starch disappeared (iodine test) and only a 
small amount of reducing sugar was left. The amount of starch trans- 
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formed to lactic acid was also about 50 percent, in the presence of 
CaCOs- No volatile acid was formed except in mere traces as a result 
of the action of the pellicle on glucose and starch. However, large 
amounts of ethyl alcohol were demonstrated, especially in the anaero- 
bic cultures. The formation of this alcohol accounts, together with 
the CO 2 , for that part of the carbohydrate which was not converted to 
lactic acid. 

Table 14 . — Lactic acid production from starch by pellicles of Rhizopus^ in the pres- 
ence and in the absence of calcium carbonate 


[Results on the basis of 1 liter of 2.5-percent starch solution i] 


CaCOs 

added 

Sugar left 

Starch, as 
sugar, con- 
sumed 

Free lactic 
acid 

Combined 
lactic acid 

Total lactic 
acid 

1 

Grams 

Grams 

Grams 

Grams 

Grams 

(-) 

2. 29 

22.59 

7. 70 

2.21 

9. 91 

(+) 

.87 

24.01 

0 

13. 12 

13. 12 


1 Total starch in 1 liter of medium equivalent to 24.88 g of reducing sugar. 


The influence of nitrogen and minerals on glycolysis of sugar by 
the fungus pellicle is brought out in table 15. The data there shown 
emphasize the fact that the addition of available nitrogen favors the 
further growth of the pellicle and results in a depressing effect upon 
lactic acid production; however, the addition of minerals only, without 
the nitrogen, favored increased production of the acid. 

Table 15 . — Influence of nitrogen and minerals on lactic acid production by Rhizopus 

pellicles ^ 


[Results on the basis of 1 liter of medium] 


Item 

Treatment 

Urea 2 

Minerals 3 

Urea -f 
minerals 

Sugar consumed - 

Grams 
25.82 1 
11.23 

Percent 

43.6 

Grams 

25. 16 
17.66 

Percent 

70.2 

Grams 

24. 99 
10.13 

Percent 

40,5 

Lactic acid formed- - 

Sugar converted to acid -- - - 



1 Pellicles similar to those used in previous experiment (table 14) were employed; all flasks received 
CaC 03; flasks kept stationary, with oxygen admitted. 

2 0.1 percent. 

3 Equivalent to those added to medium. 

By increasing the concentration of glucose, a single pellicle weighing 
approximately 1 g, on a dry basis, was found to be able to convert 
completely 40 g of glucose, in the presence of CaCOa, to lactic acid 
and alcohol. In the presence of 20 percent of glucose, sufficient lactic 
acid was formed to solidify the medium because of the crystallization 
of the calcium lactate. The relation between glucose concentration 
and time of action of pellicle is brought out in figure 5. The pr(mor- 
tional relationship de&iitely points to an enzyme mechanism. Con- 
centrations of glucose above 20 percent had a depressing effect on 
glycolysis and resulted in the autolysis of the fimgus cells. 

124318 — 39 — —2 
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The results of these and of other experiments, not reported here, 
lead to the following conclusions: (1) The presence of nitrogen and 
mineral nutrients is not necessary, in the case of fungus pellicles, for 
active lactic acid production to set in immediately; (2) the rate of 
formation of lactic acid by the pellicle depends on its age and vigor, 
rather than on the nature of the medium in which it is grown; (3) 
CaCOs is not necessary for the production of lactic acid by the peUicle, 
although more of the acid accumulates in the presence of the carbonate 
than in it absence; (4) there is no difference in the nature of the acid 
produced during the growth of the organism or that produced by the 



Figure 5. “-^Influence of glucose concentration on the rate of glycolysis by RMzopvs 
pellicles. Circles indicate that all the sugar has disappeared. 


action of the pellicles on sugar or starch solution; (5) the amount of 
lactic acid produced by the pellicles acting on sugar depends to a 
certain extent on the oxygen tension, more lactic acid being formed 
under aerobic conditions; (6) under anaerobic conditions, abundant 
formation of ethyl alcohol takes place; (7) the fungus pellicle does not 
continue to grow under anaerobic conditions, whereas some growth 
occurs under aerobic conditions, especially when air is passed through 
the cultures and when additional nitrogen is present. 
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LACTIC ACID PRODUCTION FROM DIFFERENT CARBOHYDRATES 
AND RELATED COMPOUNDS BY RHIZOPUS PELLICLES 

In all the previous experiments, glucose and starch were used as 
sources of carbon. In order to compare the production of lactic acid 
from other organic compounds by the fungus pellicle, a variety of 
sugars and sugar alcohols were selected. The organism was grown 
for 7 days upon a glucose solution containing the necessary nutrients 
and CaCOs- The filtrate was removed, the pellicles were washed and 
the various compounds added, in concentrations of 2.0 to 2.5 percent, 
in the form of sterile solutions. All the flasks received CaCOs and 
were incubated at 28° C., at ordinary atmospheric pressure. The 
results, presented in table 16, show that active lactic acid formation 
by the fungus pellicle took place from glucose, maltose, dextrin, and 
levulose, and to a lesser extent from galactose and xylose. Although 
the organism could utilize lactose, rhamnose, and mannitol for growth, 
it produced no lactic acid from them. Attention may be called to the 
fact that in 1911 Saito (,^7) reported that Rhizopus chinensis produced 
lactic acid from glucose, levulose, maltose, and dextrin, but not from 
sucrose, inulin, or lactose. 

Table 16 . — Lactic acid 'production hy Rhizopus pellicles from different carbohydrates 
and related compounds after 3 and 7 days of growth 


[Results on the basis of 1 liter of medium] 


Source of carbon 

Reducing sugar 
consumed in— 

Lactic acid pro- 
duced — 

Source of carbon 

Reducing sugar 
consumed in— ^ 

Lactic acid pro- 
duced— 


3 days 

7 days 

3 days 

7 days 

j 

3 days 

7 days 

3 days 

7 days 


Grams 

Grams 

Grams 

Grams 


Gra ms 

Grams 

Grams 

Grams 

Glucose 

14. 35 

19. 62 

5. 56 

8.45 

Rhamnose 


4.30 


Tr, 

Maltose 

12.27 

19. 48 

6. 85 

9.54 

Lactose 

0.4 

2.51 

0 

Tr. 

Dextrin 

15. 65 

22. 37 

6. 75 

9. 06 

Sucrose ^ 

0 

0 

0 

Tr. 

Arabinosc- - - - 

.14 

3. 54 

Tr. 

Tr. 

Inulin 

0 

0 

0 

Tr. 

Xylose 

7.32 

8.04 

1.38 

2.14 

Mannitol 2 

1.48 

3. 13 

0 

Tr. 

Galactose 

Levulose 

10.91 

14.45 

11. 12 
22. 55 

2. 62 
9. 15 

4.54 
10. 21 

Glycerol 2 

0 

0 

Tr. 

Tr. 


1 On hydrolysis with dilute acid. 
* Soluble material. 


INFLUENCE OF POISONS ON GLYCOLYSIS BY RHIZOPUS PELLICLE 

In order to determine the chemical nature of the break-down of the 
sugar by the fungus, a study was made of the influence of respiration 
poisons on the glycolytic efl’ect of the pellicle. Substances known to 
repress the action of the glycolytic process, namely, sodium fluoride 
and iodoacetic acid, were utilized. Several 6-day-old pellicles were 
washed with water and 2.5-percent sterile glucose solution added to 
them. Different concentrations of the two poisons in sterile solutions 
were added. Some of the flasks received CaCOs and others did not. 
Incubation took place at 28° C. for 6 days in an anaerobic atmosphere. 
The results, presented in table 17, show that NaF, in concentrations 
of 0.02 to 0.10 percent, had only a limited effect on glycolysis and 
lactic acid production; these two processes were not repressed even 
with the highest concentrations of the poison. The iodoacetip acid 
repressed glycolysis in a concentration of 0,02 percent but not in the 
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lower concentrations used. The CO 2 liberated by the action of the 
pellicles was somewhat repressed by the poisons, especially in the 
higher concentrations. The larger amount of CO 2 produced in the 
presence of OaCOj was due to chemical interaction of the latter with 
the lactic acid. 

A study was made of the influence of various concentrations of 
iodoacetic acid on the production of lactic acid by fully grown pellicles. 
These were obtained by growing the organism, for 6 days, upon a 
urea - CaC 03 -ZnS 04 medium. The pelhcles were washed with water 
and a 2.5-percent glucose solution was added. The flasks were 
incubated for 5 days at 28° C. in the presence of oxygen. Because of 
the short incubation period, the recovery of the acid was not complete. 
The results of this experiment (table 18) show again that increasing 
concentrations of the iodoacetic acid repressed both sugar glycolysis 
and lactic acid production, the latter to a much greater extent than 
the former. The pellicle glycolyzed the sugar even in the presence of 
0.1 percent of the poison, but under similar conditions less than 10 
percent of the sugar was recovered as lactic acid. _ This was true both 
when the reaction was neutral and when it was acid. 


Table 17 . — Influence of different concentrations of glycolytic poisons on lactic acid 
production by Rhizopus pellicles in the presence and in the absence of calcium 
carbonate 

[Results on the basis of 1 liter of sugar solution] 


Poison used 

Concentra- 
tion of 
poison 

j 

CaCOa 

Sugar 

consumed 

Lactic 

acid 

produced 

CO3 

produced 
(as 0) I 


Percent 


Grams 

Grams 

Milligrams 

None ■ 

0. 00 

— 

17. 73 

8. 83 

346 

.00 

+ 

20. 92 

9.79 

617 


.02 

_ 

8. 76 

2. 83 

337 


.02 

+ 

16. 13 

4. 80 

463 

Sodium fluoride 

.04 ! 
.04 j 

4- 

6. 86 
15. 42 

2. 93 
5. 38 

246 

309 


.10 


5. 16 

2.40 

215 


.10 

+ 

16. 67 

8. 35 

321 


.004 

— 

9.00 

2.45 

375 


.004 

+ 

11. 94 

6. 82 

552 

Iodoacetic acid 

.008 

.008 

+ 

8. 84 
11.79 

4.01 

5.67 

305 

374 


.02 


4. 11 

.77 

113 


.02 

+ 

7.74 

2. 11 

247 


1 The pellicle alone gave off, in an aqueous solution, 192 mg of carbon as CO2, in the absence of CaCOs, 
and 156 mg of carbon in the presence of CaCOj. 


Table 18 . — Influence of different concentrations of iodoacetic acid on sugar consumed 
and lactic acid produced by Rhizopus pellicles in the presence and in the absence of 
calcium carbonate 

[Results on the basis of 1 liter of sugar solution] 


Coneentraticvn 
of iodoacetic 
acid (percent) 

CaCOs 

Sugar 

con- 

sumed 

Lactic 

acid 

pro- 

duced 

Sugar 

con- 

verted 

to 

lactic 

acid 

Concentration 
of iodoacetic 
acid (percent) 

CaCOs 

Sugar 

con- 

sumed 

Lactic 

acid 

pro- 

duced 

Sugar 

con- 

verted 

to 

lactic 

acid 



Grams 

Grams 

Percent 



Grams 

Grams 

Percent 

0.00 


23.4 

9. 2 

39.3 

O.OO...... 

— 

22.6 

5.9 

26.1 

.01 

+ 

19.0 

5.2 

27.4 

.01-.. 

■ — 

17.8 

4.3 

24.2 

.02 

+ 

15. 1 

2. 8 

18. 5 

.02.. 



13. 7 

2 6 

19. 0 

.04 

+ 

13.1 

1.8 

13.7 

.04............. 

_ 

12*. 7 

L2 

9I4 

.10 


10.6 

.9 

8.5 

10 


10.5 

.7 

6.7 
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An experiment was made to determine the effect of iodoacetic acid 
on the growth of the fungus. The regular ammonium sulpha te- 
glucose-ZnS04 medium containing the different concentrations of the 
poison was inoculated with spores of the fungus and incubated for 6 
days. Calcium carbonate was added only to those flasks that showed 
active growth of the fungus. The results (table 19) show that con- 

Table 19. — Influence of different concentrations of iodoacetic acid upon the growth 

of Rhizopus from spores 


[Kesuits on the basis of 1 liter of medium] 


Coneentration of iodoacetic 
acid (percent) 

Sugar 

con- 

f?uiDed 

Lactic 

acid 

produced 

Concent, ration of iodoacetic 
acid (percent) 

Sugar 

con- 

sumed 

Lactic 

acid 

produced 

0.00 - 

Grams 
25.8 i 
24.3 1 

Grams 

9.90 

9.3 

0.03 

Grams 

0.9 

.3 

Grams 

0. 2 
0 

,01,.. 

.10. 




centrafcions of iodoacetic acid greater than 0.01 percent in the medium 
completely represses the growth of Rhizopus. 

FORMATION OF INTERMEDIARY PRODUCTS IN THE GROWTH OF 

RHIZOPUS 

The results of the foregoing experiments have established definitely 
that nutrition and energy utilization of Rhizopus do not take place 
through the lactic acid stage, as originally assumed. Actually the 
lactic acid is a byproduct of the reaction and can be oxidized further 
by the organism only to a very limited extent, if at all. It is to the 
other product of the break-down of the sugar that one must look for 
the energy and carbon source of the organism. This product is ethyl 
alcohol; it is formed in the anaerobic break-down of the sugar; under 
aerobic conditions, it is either not formed at all or further oxidized. 
It may, of course, be assumed that the alcohol arises through the usual 
pyruvic acid stage; however, it is the alcohol which is the intermediary 
between the anaerobic and the aerobic phases of the respiration 
process. In other words, we have here a good example of the Pasteur 
reaction. This is clearly illustrated by the results of an experiment 
on the formation of alcohol by Rhizopus pellicles under aerobic and 
anaerobic conditions (table 20). Under anaerobic conditions the 
concentrations of lactic acid and of ethyl alcohol produced were prac- 
tically equimolecular with the glucose consumed. Under aerobic 
conditions, however, the amount of alcohol found was very small and 
the lactic acid produced was much greater than the equimolecular 
concentration. Whether the excess lactic acid is produced from the 
alcohol or from its precursor still remains to be determined. The 
fact is that the organism is able to utilize ethyl alcohol readily as a 
source of energy and carbon. 
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Table Glucose consumed and lactic acid and ethyl alcohol produced by Rhizopus 
peUide under aerobic and anaerobic conditions 


[ Results on the basis of 1 liter of medium] 


i^'riod 

Aeration 

1 Glucose consumed 

Lactic acid produced 

Ethyl alcohol produced 


i 

1 Grams \ 

Millimols \ 

Grains 

Millimols 

Grams 

Millimols 

1 *i 

Ariaenjbic 1 

53. 9 1 

300 

28.5 

316 

13.1 

286 


<if) 

57.3 I 

318 

29. 4 

327 

15. 8 

344 

Ui 

Aerehie : 

82.8 

460 1 

61.5 

684 1 

4.3 

94 


DISCUSSION 


Three distinct factors or groups of factors are primarily concerned 
ill the growth of micro-organisms upon natural and artificial sub- 
strates, and to a large extent they control the formation and accumu- 
lation of intermediary and waste products of microbial metabolism. 
These factors are (1) biological, including the nature of the organism, 
its strain specificity, and its previous cultivation: (2) nutritional, 
coinprising the nature of the energy source and its concentration, the 
nature and concentration of the nitrogen source, the nature and 
abundance of other nutritive elements, and the presence of certain 
special elements that have a positively or a negatively stimulating 
effect on the growth of the particular organism and on its specific 
metabolism; (3) environmental,^ including temperature, reaction, 
oxygen tension, length of cultivation, etc. 

In the study of the physiology of the lower fungi, these factors were 
found not only to influeace the quantitative accumulation of certain 
metabolic products but to modify the very nature of these products. 
It is sufficient to call attention to the preferential formation of gluconic 
acid or of citric and oxalic acids by Aspergillus niger; of ethyl alcohol 
or of glycerol by yeasts; of butyl alcohol or of butyric acid by certain 
anaerobic bacteria; of lactic acid or of acetic acid by acetic acid bac- 
teria, etc. The results of the investigations reported in this paper on 
the mechanism and conditions of formation of lactic acid by a species 
of Rhizofus can also be interpreted in terms of the various nutritional 
and environmental factors. 

MoUiard (15, 20^ 21) has shown that, in the presence of all the 
necessary nutrient salts, Aspergillus niger develops an extensive 
mycelium without allowing the accumulation of acids; acids accumu- 
late only when certain essential nutritive elements are lacking. 
Butkewitsch {2) suggested that the specific formation of acids by 
A, niger depends on the reaction of the medium. Kuznetsov (5, 10) 
attempted to establish a correlation between acid formation and the 
oxidation-reduction potential of the medium. Kanel (7) suggested 
that the formation of lactic acid by Mucorales, but not by other fungi, 
is diie to the ability of the Mucorales to grow immersed in the liquid 
medium. He found that a change in the biochemical activities of the 
organism or its physiological polymorphism could be correlated with 
the specific nature of the organism and the oxidation-reduction poten- 
tial of the medium, Kanel further attempted to differentiate between 
the fermentative and the oxidative phases of the fungus. The fact 
that aeration of the culture did not change the lactic acid yield led 
him to suggest that air acts only mechanically by mixing the liquid. 
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and since different oxidation-reduction potentials had no eflnct on the 
lactic acid yield, he believed that immersed Rhizopus growth is inde- 
pendent of the oxidation potential of the medium. A low potential 
repressed the formation of fumaric acid, however, which he con- 
sidered to be a secondary oxidation product. 

Plant physiologists {24) have long recognized two distinct phases 
in the process of energy utilization by cells of higher plants, namely, 
the fermentation phase, which comprises the production of lactic 
acid or of alcohol and CO 2 , and the respiration phase, which results 
in the production of CO 2 and water. In the case of micro-organisms, 
lactic acid has usually been considered the final product of the anaero- 
bic or fermentation reactions of certain specific bacteria. In discuss- 
ing the metabolism of lactic acid bacteria, Kluyver (8) remarks that 
it is possible to have oxygen take part in the process; he adds, how- 
ever, that ^fff respiration is defined as an oxygen consuming process 
which yields the energy necessary for the maintenance and prolifera- 
tion of cells then the conclusion must be that lactic acid bacteria do 
not respire.’^ 

According to Neuberg {22), methylglyoxal forms the intermediary 
stage in the break-down of the sugar molecule to lactic acid. Meyer- 
hof and Kiessling {16, 17, 18) and Embden et al. {5) do not ascribe 
to methylglyoxal any part in the process; they believe that phospbo- 
gly ceric and pyruvic acids form the important intermediary products. 
Lundsgaard {12, 13, 14) noted that the presence of sodium-mono- 
iodoacetate, in certain concentrations, inhibits fermentation by yeast 
or by zymase, but has no effect upon oxygen consumption. He con- 
cluded therefore that sugar break-down in fermentations has no 
relation to its break-down in respiration. Some investigators believe 
that io do acetic acid acts on the initial stages of glucose fermentation 
by inhibiting the phosphorylating mechanism, for in yeast (unlike 
nauscle) no glucose disappears and no intermediate products are formed 
in the presence of iodoacetate {4)- 

In the experiments reported here, both lactic acid production and 
sugar break-down were repressed by iodoacetic acid, from which it 
may be assumed that lactic acid is a direct product of glycolysis. 
Other facts presented in this paper substantiate tliis assumption. 
The fact that a lower yield of lactic acid was obtained per unit of 
glucose consumed, both during growth and as a result of pellicle action, 
indicates direct oxidation of the glucose or of some of the precursors 
of lactic acid, even in the presence of the poison. 

The following reactions are suggested to explain the mechanism of 
sugar break-down and respiratory process of 

CeHisOe— >CzRqOz + CsHA (anaerobic) 

(intermediate (intermediate 

compound) compound) 

CsHgOs*— ^CaHeOs (anaerobic) 

(intermediate (lactic acid) 

compound) 
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CsHbOs ^C 2H60H + CO2 (anaerobic) 

(intermediate 

compound) 

“f" 3O2 

C^HfiOH— >2C02 + 3H3O (aerobic) 

+ 3O2 

C3H6O3 >3C02 + 3H2O (aerobic) 

There are cases on record where lactic acid has been found to be an 
intermediary product in the metabolism of micro-organisms. Peter- 
son and Fred (25) for example, have shown, that certain bacteria 
produce acetic acid through the lactic acid stage, by an oxidation proc- 
ess. The possibHity that fumaric acid may be formed through 
this stage has also been indicated {11), However, the fungus under 
study could not initiate growth with lactic acid as the only source 
of energy. 

The fimction of zinc in the metabolism of Bhizopus is of special 
interest. It has been recognized since the earliest wnrks on the 
nutrition of fungi that these organisms require zinc, and this finding 
was recently coiSrmed for Aspergillus niger by Steinberg (28), Roberg 
{26), and others. However, considerable disagreement still exists 
concerning the role of tins element in the metabolism of iungi. Some 
investigators have been satisfied to relegate the specific function of 
this element to that of a stimulant or biocatalyzer, w^hereas others 
have insisted that it is a normal nutrient, required in small amounts 
for the metabohsm of the organism. Very little attention has been 
paid, in most of these investigations, to the role of zinc in the mechan- 
ism of transf ormation^^of the carbohydrate used by the organism as a 
source of energy. Ono (23) suggested that Aspergillus utilizes the 
carbohydrate more economically in the presence of ZnS04, the inter- 
mediary product, oxalic acid being oxidized more rapidly. Similar 
results were obtained by Butkewitsch and Orlow, (3) who found that 
zinc repressed acid formation, oxalic acid disappearing almost com- 
pletely in its presence. Javillier {6) concluded that the role of zinc 
in the growth of A. niger is that of a catalyst rather than of a nutrient ; 
this action was specific and could not be replaced by any other element. 
Wassiljew (30) suggested that zinc influences primarily the metab- 
ohsm of the fungus, notably its acid production; that it is an essen- 
tial element for growth and not a stimulant; and that both vegetative 
growth of the fungus and the formation and consumption of the acids 
from sugar are influenced by the presence of this element. The 
influence of zinc differs, however, mth different strains of A, niger. 

According to Roberg (26), zinc is essential to the growth oi Asper- 
gilli; however, in solutions that do not contain sufficient iron, it 
produces an injurious effect. An antagonistic relation was believed 
to exist between the two elements. A similar relation was observed 
by McHargue and Calfee {15) in studies of the effect of copper, man- 
ganese, and zinc on growth of fungi. Buromskii {!) emphasized 
recently that zinc must still be looked upon as a stimulant for the 
growth of fungi; he went so far as to claim that even potassium and 
phosphorus should be placed in this category. Zinc was also found 
to increase the respiration coefficient of fungi, that is, the ratio of CO2 
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to growth, and to modify the natoe of the acids produced {19, 20, 21, 
^ 30). In the case of Aspergillus niger, this was correlated mth a delay 

in spore formation resulting in increased dry weight and extension of 
the cycle of growth of the organism. 

In the present studies, zinc w‘as shown to stimulate both growth and 
spore formation of Ehizopus, but not to favor acid production. These 
results indicate that zinc either catalyzes the oxidation of glucose or 
of the precursor of lactic acid directly to CO 2 , thereby increasing the 
liberation of energy and stimulating growth. One need not argue, 
at this time, whether the elements zinc and iron make conditions for 
the growth of Ehizopus “normaP^ or “abnormal.” The very fact 
that the fungus was grown on an artificial substrate with a relatively 
high concentration of carbohydrate, with inorganic sources of nitro- 
i gen and minerals, makes conditions of growth sufficiently “abnormal,” 

as compared with those under which the organism is commonly foimd 
in nature, that is, on stale bread or in sod. One is, therefore, hardly 
justified in concluding that because zinc stimulates the growth of the 
fungus, it makes conditions “normal,” while iron, wMch alone is not 
favorable to growth but is favorable to lactic acid production, makes 
conditions “abnormal.” 

SUMMARY AND CONCLUSIONS 

This paper presents the results of a study of the nutrition of a fungus 
belonging to the genus Ehizopus, its ability to produce lactic acid from 
different carbohydrates, the mechanism of production of the acid, and 
I the role of this process in the metabohsm of the fungus. 

In general, conditions favoring the growth of EM zopus were found 
to be unfavorable to the accumulation of lactic acid. The fully 
growm pellicle placed in a sugar solution produced lactic acid to the 
extent of 50 percent of the sugar under anerobic conditions and of 
about 60 percent under aerobic conditions; in the latter case some 
growth accompanied the process of acid formation. Only about 30 to 
40 percent of the carbohydrate consumed Was changed to acid in the 
absence of a neutralizing agent, in growth cultures, and as much as 70 
to 75 percent in the presence of such an agent. 

One may conclude from these results that Ehizopus produces lactic 
acid by a fermentation mechanism despite it being a strictly aerobic 
organism. The lactic acid is preceded by an intermediary substance, 

■ r “ which is converted by pellicles, under anaerobic conditions, to the 

extent of 50 percent to the acid and the remaiiung 50 percent to alcohol 
and carbon dioxide. Only a httle energy is liberated in this reaction. 
During growth of the organism, or under aerobic conditions, the 
precursors of lactic acid and of alcohol are oxidized partly to lactic 
( acid and partly to carbon dioxide. The presence of different elements 

influences the predominance of one reaction oyer another. Zinc 
favors growth and is thereby unfavorable to lactic acid production; 
iron, on the other hand, is highly favorable to lactic acid production 
and is not favorable to cell growth. 

The fungus Ehizopus is shown to possess both a fermentative and 
an oxidative mechanism, similar to those of higher forms of life. 

^ The essential features of this paper were presented at the meetings of the 

Society of American Bacteriologists, December 27-29, 1937, Washington, D. U. 
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(Jour. Bact. 70, 1938). After this paper was accepted for publication, a 
discussion by Ward et al. (Ind. Eng. Chem. 30 , 1233-5, 1938) concerning certain 
phases of the intermediary metabolism and the role of ethyl alcohol in the respira- 
tion of a lactic acid producing Rhizopus appeared, in which the findings presented 
in this paper were confirmed. 
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DETERMINATION AND OCCURRENCE OF BORON IN 
NATURAL PHOSPHATES, SUPERPHOSPHATES, AND DE- 
FLUORINATED PHOSPHATE ROCKS' 

By Lewis F. Radek, Jr., assistant chemist, and W. L. Hill, associate chemist. 
Fertilizer Research Division, Bureau of Chemistry and Soils, United States De- 
partment of Agriculture ^ 

INTRODUCTION 

Boron belongs to the gradually lengthening list of elements that are 
regarded as essential to plant growth. Recent papers review previous 
work on the effect of boron on plants (jf, 4, 5, 12, 26f and its occurrence 
in plants (<S), soils {8, 26), and fertilizers including fertilizer materials 
{6, 10, 11, 28). The data for fertilizers and fertilizer materials, how- 
ever, include only a few scattered results for boron in natural phos- 
phates and superphosphates. 

Results are given in this paper for boron in 54 representative samples 
of natural phosphates from various parts of the world, 9 samples of 
commercial superphosphates, and 3 samples of defluorinated phos- 
phate rock. The results for boron in natural phosphates reported 
herein represent an extension of the studies of this Bureau on the 
composition of phosphate rock (15, 18, 19). 

METHOD OF ANALYSIS 

Chemical methods for determining boron have been classified and 
reviewed by Wilcox (24-). The methods most commonly used for 
determining boron in minerals and fertilizers are the Chapin method 
(23, p. 1691), or some modification of it, and the official methods 
(3, p. 32). According to the Chapin method, boron is separated from 
the other constituents of the sample (fused with sodium carbonate, if 
insoluble in acid) by distillation with methyl alcohol in the presence 
of hydrochloric acid and of anhydrous calcium chloride as a drying 
agent. The methyl ester of boric acid formed in the absence of free 
water passes into the distillate, from which the boron is recovered in a 
small volume of water by saponification with alkali with subsequent 
removal of the alcohol by distillation. The alkaline aqueous solution 
of borate thus obtained is freed from carbonate and adjusted to a 
definite pH (6-7) after which the quantity of boron in the solution 
is determined by titration with standard alkali in the presence of 
mannitol to the pink color of the phenolphthalein indicator. In the 
official m.ethod for acid-soluble boron in fertilizers phosphoric acid, 
instead of hydrochloric acid, is used, and since phosphoric acid acts 
as a drying agent, this change renders the use of calcium chloride 
unnecessary. 

The method used by the authors is substantially the method of 
Chapin, though the titration is in principle that of Foote (9). Diffi- 

I Received for publication Sept. 14, 1938. Issued February 1939. 

» The authors are indebted to K. D. Jacob, Fertilizer Research Division, who suggested the investigation 
and rendered valuable aid during the course of the work, and to J. I, Hoffman, N ational Bureau of Standards, 
for helpful suggestions on the application of the methods. 

3 Reference is made by number (italic) to Literature Cited, p. 914. 
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culties not met in tlie analysis of most materials heretofore studied are 
at once encountered in the application of the method to natural 
phosphates. Xot only are the iavolved quantities of boron so small 
as to require reagents and apparatus that are sufficiently low in boron 
to reduce the blank correction to a very low value, but as a conse- 
quence of the presence of fluorine and silica in most natural phosphates 
the distillates contain relatively large quantities of hydrofluosilicic 
acid, which titrates in the same pH range {17) as does the complex 
of boric acid with mannitoL The authors' application of published 
methods to the determination of boron in fluorine-bearing phosphates 
an<l their observations on means of obviating the foregoing difficulties 
can be conveniently presented under the subjects: (1) Reagents, (2) 
titration of boric acid, (3) separation of boron from the sample, and 
(4) procedure used. 

REAGENTS 

Since the presence of fluorine in natural phosphates renders the 
glassware used in the course of their analysis a reagent in a very real 
sense, the use of borosilicate glassware is not permissible. Concen- 
trated solutions of sodium hydroxide also become contaminated with 
boron from the glassware (^4)* Accordingly, Kavalier glassware 
(usually considered as boron-free) wms used for the analytical opera- 
tions and for the storage of alkaline reagent solutions. The boron 
content of different lots of the several reagent chemicals is shown in 
table 1 . It may be pointed out that a 6 M solution of sodium hydrox- 
ide prepared from a more concentrated solution that remained in a 
Pyrex flask for several weeks contained far more boron (92 parts per 
million of B2O3) than did similar solutions prepared in Kavalier glass 
throughout (table 1). 


Table 1. — Boron in analytical reagents 


Eeagent 

B 2 O 5 in reagent i 

Reagent 

B 2 O 3 in reagent 

As re- 
ceived 

As used 

As re- 
ceived 

As used 

Sodium hydroxide 

Do 1 

P. p, TO. 
4 

35 

7 

66 

. 32 ': 

P. p. TO. 

2 1 

2 11 
0) 

0) 

.6 

Calcium chloride, anhydrous for 
drying _ 

IP. p.m. 

53 

4.5 

<5 

<5 

H) 

P. TO. 

2.4 

0 

<5 

<5 

Potassium hydroxide A 

Do 

Methyl alcohol, absolute 

Sodium carbonate 

Calcium chloride, anhydrous for 
drying 

Do 

Mannitol.. 




’ Results include boron pr^ent in the hydrochloric acid used for neutralization. 

2 Milligrams of BsOs |>er liter of 6 M solution. 

2 Not used. 

Miesult shown by blank titration on 2,5 gpf mannitol. 

A stock solution of carbonate-free sodium hydroxide {13, p. 189) 
was prepared by rinsing the sticks with distilled water to remove any 
surface boron arising from attack of the glass container, dissolving 
the rinsed sticks in an equal weight of distilled water, and allowing 
the solution to stand until the supernatant liquid was clear. Dilute 
solutions of Ciuhonate-free sodium hydroxide were prepared as needed 
by diluting aliquots of this concentrated solution with recently boiled 
distilled water. 
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Tlie reagent grades of anhydrous calcium chloride may carry 
appreciable quantities of boron (table 1). It was suggested^ that 
the boron in this reagent probably comes from the glaze of the vessels 
in which it is dehydrated. Accordingly, boron from this source 
would appear for the most part on the surface of the granules, and its 
removal should be possible by extraction or volatilization. Nearly 
all the boron can be removed (table 1) in a single treatment by 
drenching 500 g of the salt in a liter copper beaker with 300 ml of 
95-percent methyl alcohol containing 15 ml of concentrated hydro- 
chloric acid and heating the well-stirred mixture on a hot plate and 
finally in an oven at 200° C. until the alcohol is expelled and the 
material again becomes anhydrous. 

Absolute methyl alcohol for use in the isolation of boron from the 
sample was prepared by redistillation of absolute alcohol from a 
3-liter Pyrex flask to which had been added a few sticks of potassium 
hydroxide. The presence of volatile organic acids in the alcohol 
would give high results for boron by the usual titration with two 
indicators (IS, p. 614), and accordingly the 4.5 parts per million of 
B2O3 found in methyl alcohol as received (table 1) might be regarded 
merely as the B2O3 equivalent of the alkali consumed by such organic 
acids. However, the titration procedure used by the authors elimi- 
nates from the boron titration all acids that do not form complexes 
with mannitol, and, therefore, it would appear that boron was actually 
present in the alcohol. In any event the redistilled alcohol was 
very satisfactory. 

As a matter of convenience a solution of mannitol, rather than the 
solid, was used in the titrations. The solution was prepared by 
dissolving 100 g of mannitol in recently boiled distilled water and 
making the volume up to 1 liter. 

The sodium carbonate was used as received. Any boron in the 
hydrochloric acid would appear in the results for sodium hydroxide; 
however, the indications were that the acid contained considerably 
less boron than did the sodium hydroxide. 

TITRATION OP BORIC ACID 

In figure 1 are reproduced Footers titration curves (9) for a buffered 
water (I) and the same containing added boric acid with (HI) and 
without (II) mannitol. Accordingly, if the solution containing boric 
acid without mannitol is titrated (adjusted) until its pH value reaches 
some point B (curve II) in the pH range over which curves II and 
III are nearly parallel — 7.6 in the present instance — a part of the 
boric acid will have been titrated, the alkali equivalent being A'B\ 
Then, on the addition of mannitol the pH value of the solution 
drops to 5" on curve III, and the titration can be completed by 
adding alkali (B' O' ml) until the pH value of the solution is again 
7.6 at point C. The total alkali equivalent of boric acid is A'.^ O', 
but since point A" on curve II cannot, in general, be determined 
because of the limitations of indicators, as well as the presence of 
other acids that titrate in this pH range, the total equivalent has 
no meaning in actual practice. 


^ WiCHERS, E. Private communication. National Bureau of Standards. 
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The problem, therefore, resides in the choice of the pH value to 
which the solution shall be adjusted before mannitol is added. For 
this purpose various indicators have been used; mention may be made 
of methvl red and paranitrophenol. With the former, the pH value 
lies at some point E on curve 11; with the latter,_ at some point D. 
Since a different indicator, usually phenolphthalein, is used for the 
final titration, alkali is consumed in bringing a boron-free solution from 
the end point of one indicator to that of the other, which increases the 
blank correction to the titration. For example, Allen and Zies {2, p. 



0 I 2 3 4 5 6 

STANDARD NaOH SOLUTION (MILLILITERS) 


Figure L~Titratjori curves for boric acid ( 9 ), Curve I is for 50 ml of water., 
curve II for 50 ml of water plus 7.4 mg of B2O3, curve III for 50 ml of water 
plus 7.4 mg of B2O3 and 6 g of mannitoL 

765) fou,ncl the BoO^ equivalent of the alkali used in passing from the 
paranitrophenol end point to that of phenolphthalein to be 0.3 mg, 
which corresponds to a little less than 0,1 ml of 0.1 ihf sodium hydroxide, 
and the writers found the amount of alkali consumed between the 
methyl red and phenolphthalein end points to be 0.23 ml of 0.03 M 
sodium hydroxide. Furthermore, in the presence of weak acids or 
substances that titrate as weak acids, which are not readily separated 
from boric acid, as, for example, soluble fluosilicate, adjustment of the 
solution to a pH value in the approximate range jED with the neces- 
sary accuracy is extremely difficult, if not impossible. Moreover, the 
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titration of these same substances is continued after the addition of 
mannitol, thereby vitiating the result for boric acid. 

The foregoing difficulties are obviated in Foote’s method for the 
direct titration of boric acid in water (9) by adjusting the pH value of 
the solution before the addition of mannitol to the same value as that of 
the final end point. Since the two end points involve no pH change, 
other substances m solution do not interfere with the titration, except 
insofar as they render the end point difficult to establish. The small 
amount of boric acid neutrafized during the initial adjustment (A'B', 
fig. 1) is accounted for in the standardization factor of the alkali, and 
therefore the alkali equivalent used in practice isB'O'. Carbon dio.xide, 
of course, must be excluded from the titration. 



B'igure 2. — Curve obtained in standardization of approximately 0.01 M sodium 
hydroxide against a 0.01 M boric acid solution with use of phenolphthaiein as 
the indicator of both end points (10° C.). Volume of solution at initial end 
point was 100 ml, that at final end point was 125 ml plus the volume of standard 
sodium hydroxide added. 

Foote adjusted Ms solutions to a pH of 7.6 colornnetrically witli ’ 
phenol red, and Wilcox {25) used an electrometric method. The 
authors used phenolphthaiein, because of the comparative ease with 
wMch the end point can be recognized without accessory equipment. 
According to measurements with the glass electrode,^ the faint pink 
of the phenolphthaiein indicator in the concentration used by the 
authors appeared at the unusually low pH of about 7.6. In figure 2 

0 According to measurements made by L. M. White of the Fertilizer Research Division, the pH at which 
the faint pink color appeared in 100 ml of a 0.4 M solution of sodium chloride containing 20 drops of a 2>percent 
phenolphthaiein solution was 7.6; with 10 drops of indicator the pH was 7.7, whereas with only 1 drop it 
was8.4"' , , ■ ■ ■ 
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are siiown the results obtained in a typical standardization of sodium 
hydroxide solution against a boric acid solution prepared from fused 
pure boric acid {13, p, 613). The results fall on a straight line with a 
maximum deviation of about ±0.1 ml of 0.01 M alkali. Since the 
curve passes through the origin, the blank correction is zero, as it 
should be with boron-free alkali, and the B2O3 equivalent of the 
alkali is obtainable directly from the slope of the curve. With an 
alkali containing an appreciable quantity of boron the curve would 
be rotated in the direction of the dotted line (fig. 2). 

Besides carbon dioxide, which must always be excluded in the 
titration of boric acid, other known constituents of the analytical 
solutions obtained from natural phosphates that are likely to interfere 
in the subsequent titration of the boron are arsenic and fluorine. 
Allen and Zies (2, p. 767) found that the presence of 1 mg of AS2O3 
did not afiect the titration of boric acid, but the presence of 25 mg 
rendered the phenolphthalein end point indistinct because of fading. 
The quantities of arsenic reported in natural phosphate (IS, p. SO) 
are usually less than 0.005 percent of AS2O3, which corresponds with 
0.5 mg of AS2O3 per 10 g of sample. Thus, if all the arsenic in the 
sample should follow the boron, the quantitv present in the solution 
for titration would still be well within the tolerance indicated by Allen 
and Zies] results. 

Quadrivalent germanium (22) and hexavalent tellurium (20) form 
complexes with mannitol that titrate as monobasic acids. Tellurium, 
like selenium, appears to be reduced to the metal in the presence of 
methyl alcohol, and thus it does not accompany boron in the alcohol 
distillate,® Although germanium behaves toward mannitol almost 
exactly as does boron, only a small fraction (probably 10 percent) of 
the amount of this element in the sample accompanies the boron in 
the final solution.® Thus, if the presence of germanium be neglected, 
the error thereby introduced in the result for boron (B2O3) would, 
because of the difference between the atomic weights of these elements, 
be equivalent to one-third of the germanium (Ge02) accompanying 
the boron, or probably 3 to 4 percent of the germanium in the sample. 
Germanium has’ not been detected in phosphate rock, but, as far as 
the authors know, only two samples have been examined for this 
element ( 14 )> 

The effect of fluoride and fluosilicate on the titration of boric acid 
apparently has not been studied to any extent heretofore. Allen 
and Zies (2, p. 769) noted some difficulty with the phenolphthalein 
end point in the titration of a solution obtained by distilling a syn- 
thetic mixture of boric acid and 0.2 g of NaF, whereas in a similar 
experiment with less fluorine (0.1 g of KF) Chapin (23, p. 1691) 
encountered no difficulty. The authors studied the effect of the 
presence of fluorine in quantities up to 100 mg by the addition of 
aliquots of a solution of pdium fluoride or hydrofluosilieic acid ^ 
to aliquots of standard boric acid solution and titration of the result- 
ant^solution for boron with phenolphthalein as previously indicated. 

No interference was observed with sodium fluoride in the absence 
of notable quantities of free silica. On the other hand, with hydro- 
fluosilicic acid pronounced fading of the indicator occurred at the 

K, John- L. Private coTnmum^tion, National Bureau of Standards. 

^ 3 repared m the laboratory by adding an of pure quart? flour to c. p. hydrofluoric acid contained 

allowing the mixture to stand until the solution was clear, and decanting into a wax 
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final end point, and the result for boric acid tended to be decidedly 
low._ TMs behavior is attributed to the re-formation of some fluo- 
silicic acid as a consequence of the acidity developed in the boron- 
containing solution when mannitol is added to it. During the sub- 
sequent titration, the decomposition of the re-formed fluosihcic acid, 
wMch takes place slowly at the low temperature of the titration, 
would cause fading of the indicator and, unless the titration is con- 
tinued until all the fluosilicic acid is destroyed, also a low titer for 
boric acid. The error arising from this source can be almost com- 
pletely ehminated by continuing to add alkali until the pink of the 
indicator persists in the solution for at least 1 minute. 

SEPARATION OF BORON FROM THE SAMPLE 

The authors’ recovery of added boron from synthetic mixtures and 
phosphate rock low in aluminum by distillation with phosphoric 
acid and hydrochloric acid is inclined to be 1 to 5 percent low as 
shown in table 2. ^uminum compounds show a marked tendency 
to prevent the distillation of boron, an observation also noted by 
others.* Early in the experiment, the use of phosphoric acid was 
discontinued because the results for acid-soluble boron obtained on 
phosphate rock with it were less than half the values obtained with 
hydrochloric acid. Later, however, it was discovered that if the 
rock-acid mixture is allowed to stand several hours before distillation, 
phosphoric acid alone gives as good results as hydrochloric acid and 
calcium chloride, provided only a very small quantity of water is 
present. For the distillation of samples that have been fused with 
sodium carbonate a larger quantity of phosphoric acid is needed to 
take care of the several milliliters of water added with the decomposed 
melt. The addition of phosphoric oxide {6) would seem preferable 
to the addition of larger quantities of acid. 

Table 2. — Recovery of horon hy acid diUillation 


Tabu- 

lation 

No. 


1 

2 

3 

4, 

5, 

6 , 


Distillation mixture 


10 ml 0.01 M H 3 BO 3 -I-IO ml concentrated 
H 3 PO 4 . 

10 ml 0.03 M HsB 03+20 ml concentrated 
H3PO4 

1 ml 0.1 iVf H3BO3+20 ml concentrated HC1+ 
20 g OaCb. 

10 g phosphate rock No. 912+20 ml concen- 
trated H3PO4. 

10 g phosphate rock No. 912+20 ml concen- 
trated HCl+20 g CaCl 2 . 

Residue in distillation flask from 5+1 ml 0.1 M 
H3BO3. 

10 g phosphate rock No. 912+1 ml 0.1 M 
H 3 BO 3+20 ml concentrated HCl-f20 g 
CaCls. 

Same as 7+2 g AI2O3-- 

10 g N 0.8 904+1 ml 0.1 M H 3 BO 3+20 ml con- 
centrated HCl +20 g CaCl 2 . 


B 203 

Fluorine 

present 

during 

titration 

Present 

Pound 1 

Recovered 

Milligrams 

Milligrams 

Percent 

Milligrams 

3. 48 

2 3. 31-3. 44 

95.0-98.8 

0 

10. 44 

10. 13-10.31 

97.0-98.8 

0 

3. 48 

3. 34 

96.0 

0 


3. 34 


147 


.33 


67 

3.48 

3. 52 

100 

,•3 

<3.81 

3.62 

95.0 

97 

<3.81 

3.13 

: 82.2' 

2 

3.48 

2.90 

83.3 

0 


1 400 ml of distillate were collected. 

2 The first 200 ml of distillate contained 3.20 to 3.34 mg of B 2 O 3 , and the second 200 ml 0.06 to 0,12 mg. 

3 Rock and acid were mixed and let stand overnight before distillation. 

4 Added B2O3 plus B3O3 found in 10 g of No. 912 (tabulation No. 5). 

3 Natural aluminum phosphate. 


® ZiEs, E. G. Private communication. Geophysical Laboratory, Carnegie Institution of Washington, 
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Rekth^ely large quantities of fluorine and silica usually follow the 
boron. The observed quantities of fluorine were indeed variable and 
ranged from 2 to 147 mg (table 2), depending, among other things, 
on the quantity of acid used, the temperature in the distilling flask, 
and the composition of the sample. When 20 ml of hydrochloric acid 
were used in the distillation the quantity of fluorine following the 
boron usually ranged from 40 to 90^ mg. 

Since fluorine in the presence of silica has an adverse effect on the 
titration of boric acid, some simple means of separation is highly 
desirable. The addition of Al^O^ to the distilling flask is not per- 
missible because it holds back the boron as well as the fluorine. 
Double distillation with hydrochloric acid reduced the amount of 
fluorine in the distillate about 50 percent, and double distillation in 
which only 3 to 5 ml of excess hydrochloric acid and 0.05 g of ZrOCh 
were added to the flask before redistilling the second time lowered it 
still further to 10 mg or less vdthout affecting the results for boron. 
The somewhat increased precision thereby obtained was not, in the 
au thorns opinion, sufflcient to justify the additional time required for 
analysis. • ^ ^ ■ 

Total boron, as distinguished from acid-soluble boron obtained by 
direct distillation of the phosphate sample, 'was determined in a few 
typical phosphate rocks by fusing the sample with twice its weight 
of sodium carbonate prior to distillation (/?, p, 614)- The results 
bv the two methods of decomposition are shown in table 3. Obviously 
all the boron is not, in general, completely expelled from the sample 
by direct treatment with acid under the conditions that prevail in the 
distillation. The results by the two methods on Florida land pebble 
and two of the three Tennessee brown rocks are in substantial agree- 
ment, whereas in other instances (except No. 904) the results for 
total boron are considerably higher than those for acid-soluble boron. 
In the case of highly aluminiferous materials, such as soft pnosphate 
(No. 580), the difference between the results is probably attributable 
to the retention of boron under certain conditions by aluminum com- 
pounds, as was noted in a preceding section. Available information 
relating to the boron-bearing constituents of phosphates does not 
justify any explanation for the disparity in the results for the other 
phosphates (table 3). It may be merely coincidental that the latter 
contain either relatively large quantities of organic matter (No. 1253), 
or sulphide minerals (Nos. 56 and 930), or both (No. 948). 


3.— jBoron in typical phosphate rocks as determined in fused and unfused 

samples 


' Sample No. 

Source or type of phosphate 

' 

AI 2 O 3 

B 2 O 3 determined 
in sample — 

Fused 

1 with 
Na2C03 

1 IJnfused 

12(1 U..., 

Florida land pebble 

Percent 

0.82 

1.05 

1. 16 
il.l6 

1. 19 

■' 1.22 
1.99 

3. 06 
23.05 
36.92 

P. p. m. 
24 
28 
40 
86 
107 
■ 81 ; 
54 : 
77 i 
60 1 
<10 1 

P. p. m. 
20 
33 
48 
45 
60 
65 
48 
51 
18 

<10 

912 

do - ! 

W... 

Tennessee brown rock ^ 

1253 «... 

Idaho roek._,^ 

948_. - 

Wyomingrock- _ _ 

9:^. 

''Fennessee blue rock 

56a J 

Tennessee brown rock 




5S0 

Florida soft_>_, 

904 

Urand Connetable Island. — . 


i sample number of the National Bureau of Standards. 

® Natural ammmum phosphate. ■ . . 
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PROCEDURE USED 

Add 20 ml of concentrated hydrochloric acid to 10 g of the sample in 
a liter flask of Kavalier glass. Smrl the flask until the contents are 
well mixed and then allow it to stand from % to 1 hour with 
occasional swirling. At the end of this period add 20 g of purified 
calciuni chloride to the flask and mix by swirling] then add 50 ml of 
redistilled absolute methyl alcohol, and after mixing the contents by 
rapid swirling connect the reaction flask to the distilling apparatus 
(IS, p. 613), H.eat the reaction flask with a free flame until the con- 
tents begin to boil, then swirl the flask a few times without disconnect- 
ing it from the condenser, and replace the flame with a wrater bath 
maintained at 80° to 90° C. for the duration of the distillation. Keep 
the volume of alcohol in the reaction flask as constant as possible by 
distilling directly into it^ alcohol from a second distilling flask, which 
should be heated to boiling temperature before inserting the reaction 
flask to the system. Should the reaction flask run dry, the results will 
be low and erratic. Kegulate the rate of distillation so that 400 ml 
of distillate will be obtained in 45 to 60 minutes. 

Keceive the distillate in a 500-ml Kavalier flask containing 30 ml 
of distilled water and 6 ml of 6 M sodium hydroxide solution, and stop 
the distillation when the contents of the receiver reach a volume of 
about 450 ml. When the distillation is firdshed add to the distillate 
0.5 ml (10 drops) of a 2-percent solution of phenolphthalein and addi- 
tional 6 M sodium hydroxide solution as needed to develop a per- 
manent deep pink color. 

If the sodium hydroxide carries an appreciable quantity of boron it 
will be necessary to measure the volume of alkali used, in order to 
make the proper blank correction to the result for boron. Accord- 
ingly, it is convenient to add the 6 M alkali in 6-ml portions. Ordi- 
narfly the alkali initially added to the receiving vessel is sufficient, 
though in runs on aliquots of a solution of boric acid alone and not 
infrequently with rock samples an additional 6 ml is required, and 
occasionally, when an unusually large quantity of fluorine distills 
over, as much as 18 ml of alkali will be needed. 

After the addition of an excess of alkali to the distillate, distill off 
the alcohol by immersing the flask in a water bath with due care to 
avoid superheating at the beginning of distillation. Boiling tubes are 
indispensable here. Wlien alcohol no longer distills over, transfer the 
pink residual aqueous solution directly to a 300-ml Kavalier flask for 
titration. It is not necessary to evaporate the solution to dryness and 
ignite the residue, as is done in the analysis of plant materials 
Adjust the volume of the solution to 100 ml with wrater and boil the 
alkaline solution from 4 to 5 minutes on a hot plate to expel any 
residual alcohol before it is made acid incident to the removal of 
carbonate. 

Render the hot alcohol-free solution acid with hydrochloric acid by 
adding concentrated acid until nearly all the excess alkali is neu- 
tralized, then 0,1 M acid to neutrality, and finally about 1 ml of 0.1 M 
acid in excess. Boil the acidified solution about 3 minutes with sev- 
eral vigorous swirlings during this period; make the solution faintly 
alkaline with 1 M alkali, then acid with 0.1 M hydrochloric acid, 
using 6 drops in excess, and reboil as before. Again restore the pink 
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color of the indicator with alkali, discharge it with 0.1 M acid, using 
this time only 2 drops in excess, boil again, aod then cool the nearly 
neutral carbonate-free solution to 10° C. by placing the stoppered 
flask in a bath of ice water. 

It is considered good practice to guard against a possible loss of 
boron during the boiling of the acidified solution by connecting the 
flask to an air condenser. The stepwise approach to the neutral point 
with intervening boiling not only increases the precision of the method 
but also lowers the blank titration on the reagents. 

Adjust the cold (10° C.) milky solution accurately to the initial end 
point by adding 0.03 M sodium hydroxide solution to a permanent 
faint piiik color, keeping the flask stoppered as far as possible to pre- 
vent the ingress of carbon dioxide, then add 25 ml of a 10 percent 
solution of mannitol. Boil the solution from 3 to 4 minutes with 
occasional swirling, again cooj it to 10° C., and titrate it at this 
temperature with 0.03 M sodium hydroxide solution until the faint 
pink of the indicator persists for at least 1 minute. The result for 
boric oxide is obtained by multiplying the volume of sodium hydroxide 
solution (corrected for the blank titration on the reagents) consumed 
in the titration after the addition of mannitol by the factor for the 
alkali found by standardization against pure boric acid, the same 
titration procedure being used. 

When only 6 ml of 6 M alkali was added to the alcohol distillate, the 
blank titration on the reagents amounted to 0.1 ml of 0.03 M sodium 
hydroxide, or 13 p. p. m. of B2O3 on the basis of 10 g of sample, which 
agrees well with the value (11 p. p. m.) expected from the analyses of 
the purified reagents (table 1). Furthermore, in the presence of the 
usual quantities of fluorine and silica the precision of the titration is 
also about 0.1 ml of 0.03 M sodium hydroxide. Accordingly, when the 
TOrreoted titer was only 0.1 ml, the result is arbitrarily reported as 
:sl0 p. p. m., whereas with a smaller titer the result is reported as 
<10 p. p. m. 

Duplicate determinations of boron in the fluorine-bearing phos- 
phates usually agreed within 15 p. p. m., the average difference being 
8 p. p. m. Agreement was closer in the case of fluorine-free materials. 

BORON IN NATURAL PHOSPHATES 

Results for acid-soluble boron in domestic and foreign phosphates 
are given in tables 4 and 5, respectively. For the few results for total 
boron, as determined by fusiog the sample with sodium carbonate, 
reference must be made to table 3. The data in tables 4 and 5 are 
summarized according to type of phosphate in table 6. South Caro- 
lina rock ranks first m quantity of boron and the African rocks second, 
each of these types of phosphate averaging more than 90 p. p. m. of 
B2O3. At the other extreme is bone ash, Florida soft and waste-pond 
phosphates, and Russian a,patite, with less than 20 p. p. m. With the 
exception of the phosphatic limestone the averages for all other types 
of phosphate examined range from 42 to 61 p. p. m. of B2O3, inclusive. 
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Table 4. — Acid-soluhle horon in doinesUc phosphates 


^ FLORIDA PHOSPHATES 


Sample No. 

Type of phosphate. 

Location of deposit 

PsOs 

B 2 O 3 




Percent 

P. p. m. 

618 

Land pebble 

Pierce 

30. 53 

m 

619 

- — do - 

Nichols - 

30. 98 

67 

910 


Mulberry 

31.09 

75 

947 

do 

Brewster. 

31. 2S 

72 

790 

do - 

Not known 

31.40 

70 

912 


Mulberry.. 

35. 37 

33 

120 1 

do - 


35. 40 

20 

1447 2 

do 

Bartow 

35.11 

54 

1310 2 


Not known 

34. 43 

63 

771.-.- 

Hard rock 


31.25 

60 

932 

do 

Dunnellon 

35.99 

40 

580 

Soft 

Not known. 

29.49 

18 

728. 

do - 

Juliette 1 

31.80 

<10 

f 581 

Waste pond 

Not known 

18. 18 


915 

do 

Dunnellon 

23. 63 

<10 

SOUTH CAROLINA PHOSPHATES 

495 

Not known 

Not known .... . 

16. 07 

63 

1139 

Land rock 

Bulow mines, Johns Island 

26. 92 

126 

1138 

.....do 

Lamb’s mine, near Cherleston 

27. 85 

142 

1137 

do 

do 

27. 58 

144 


TENNESSEE PHOSPHATES 


56 1 

Brown rock 

Not known 

31.28 

51 

56a 1 

do 

Mount Pleasant 

32, 94 

48 

762 

do 

do 

33. 73 

53 

906 

do 

Wales 

34. 39 

36 

908 

do 

Mount Pleasant 

34. 44 

48 

1401 3 

do 

Wales 

36. 73 

70 

772 i 

Blue rock 

Glover 

30. 45 

66 

930 

do — . 

Gordonsburg 

30. 97 

65 

1049 

Kidney 

Boma ... 

31. 22 

56 

1048 

White rock 

Tomscreek 

30. 20 

55 

1031 

do 

j Godwin 

35. 80 

57 

917 

Phosphatie limestone 

Gordonsburg 

11.68 

30 


WESTERN PHOSPHATES 


550 

Light colored 

Idaho, Paris 

32.21 

67 

1011 

do - - 

Montana, Garrison.. 

27. 63 

32 

1009 

do 

do 

31. 39 

22 

1252 

do 


36. 38 

48 

1010 

do.-- 

do i 

37.47 

40 

948 

Dark colored 

Wyoming, Cokeville | 

30. 19 

60 

973. 

do 

Idaho, Conda | 

32. 53 

' 70 

1253 

do — 

do- ■ 

32. 13 

45 



OTHER PHOSPHATES 


1295 

971... 

Apatite — 

Bone ash 

Virginia, Amherst County 


39. 68 47 

40.36 17 


1 Standard sample number of the National Bureau of Standards. 

2 Concentrated by oiling and tabling. 

3 Concentrated by froth flotation. 
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Table 5. — Acid-soluhle horon in foreign phosphates 
AFRICAN PHOSPHATES 


Sample No. 

i Location of deposit 

P 2 O 5 

B 2 O 3 

!f>59 

Algeria, Djebel Kouif 

Percent 

30,00 

P, p. m. 
116 


EgVpt. Safaga, - 

32.79 : 

no 


Morocco, 

34. 30 i 

66 


Tunis, Gafsa. 

29.05 ! 

84 

1551 - j 



INSULAR PHOSPHATES 


452 . . i 

Christinas Island.— 

39. 46 

46 

9S5 . 

Curacao Island 

38. 59 

70 

904 i * 

Grand Connetable Island 

54, 51 

<10 

72 

1230 , . : 

Alakatea Island - 

37. 94 

450 . , . . „..J 

Nauru Island 

38. 92 

5.5 

451 j 


40. 32 

37 



APATITES 

905 

Canada, Quebec Province 

40. 30 

<10 

1305 1 

Union of Soviet Socialist Republics, Kola Peninsula 

31. 63 

^12 

1304 

do 

37.39 

20 




’ Natural aluminum phosphate. 


Table G.-Acid-sohible boron in different types of natural phosphates 

DOMESTIC PHOSPHATES 


Type or source of phosphate 

Samples 

[ B 2 O 3 

analyzed 

Range 

Average 

Florida land t)ebble 

Number 

9 

P. p. m. 
20-98 
40-60 

P.p. m, 
61 
50 
<12 
119 

Florida hard rock 

2 

Florida soft and waste pond 

4 

<10-18 

63-144 

South Carolina T 

4 

Tennessee brown rock 

6 

36-70 

51 

Tennessee blue and white rocks and kidney phosphate - 

5 

55-66 

60 

Tennessee phosphatic limestone.. 

1 

30 

42 

Western part of the United States: 

Light-colored rock 

5 

22-67 

Dark-colored rock 

3 

45-70 

58 

Apatite from Virginia 

1 

47 

Bone ash ' 

1 


17 




FOREIGN PHOSPHATES 


Africa.— 

4 

66-116 

94 

Islands 

1 5 

37-72 

56 

Apatite from the Union of Soviet Socialist Republics— 

2 

12-20 

16 


’ Excluding the sample (No. 904) of natural aluminum phosphate. 


The authors^ results for boron in phosphate rock are considerably 
lower than most of the figures reported in the literature. Young 
{B6, p. S£), using the ofiBicial method (5, p. SB) for acid~soluble boron, 
found 450 p. p. m. of B2O3 in a sample of Florida hard rock, only 
traces in two other Florida phosphates of unknown type, and 450 and 
580 p. p. m. in two Tennessee brown rocks. The spectrochemical 
results of Gaddum and Eogers (10) are much higher. Thus, the latter 
authors report the equiyalent of 0.16 to 1.6 percent of BgOs in Florida 
pebble and soft phosphates. On the other hand, recent spectrochem- 
ical anlyses, made with extreme care by B. F. Scribner of the National 
Bureau of Standards (14), showed only 0.005 percent of B2O3 and 
<0.001 percent of B2O3, r^pectiyely, in a Tennessee brown rock 
(National Bureau of Standards standard sample No. 56a) and a 


t)ec. 15, 1938 Determination and Occurrence oj Boron in Phosphates 913 


Florida land pebble (National Bureau of Standards standard sample 
No. 120). The results agree well with the authors^ figures for these 
samples as shown in table 4. 

At present, little can be said concerning the boron-bearing minerals 
occurring in natural phosphates. Schaller {21, p. 168) has prepared a 
list of all the known boron minerals including 56 names comprised in 2 
groups, viz,^ 36 borates and 20 borosilicates. Many of these minerals 
are soluble in water and a large majority of them are either soluble in, 
or are decomposed by, hydrochloric acid. Several of the borosilicates, 
as, for example, tourmaline, are not decomposed by hydrochloric acid, 
though in the analysis of phosphate rock their decomposition would be 
promoted by the fluorine present in the sample. So far as the authors 
are aware, only one boron mineral has been identified in phosphate 
rock. A very small quantity of tourmaline was found {15, p, 76) in 
one sample of Florida land pebble (No. 912). 


BORON IN SUPERPHOSPHATES AND DEFLUORINATED PHOSPHATE 

ROCK 


In view of the presence of considerable quantities of fluorine in 
most natural phosphates and the volatility of boron fluoride, it would 
be difiicult to predict the fate of the boron in phosphate rock during 
the manufacture and storage of superphosphate. In general, one 
might expect the boron to distribute itself between the superphosphate 
and the gases expelled when the rock and acid are mixed and during 
subsequent storage of the superphosphate. On the other hand, if 
boron-free acid were used and no boron were volatilized during manu- 
facture, the boron content of the resulting superphosphate would, in 
the case of ordinary superphosphate, be roughly 50 percent of that of 
the ingredient rock. Thus, on the basis of the data in table 6, ordinary 
superphosphates prepared from Florida land pebble and Tennessee 
brown rock, respectively, would probably contain 10 to 50 and 18 to 
35 p. p. m. of B2O3. These figures agree reasonably well with the 
amounts found by analysis (table 7). 


Table 7.—Acid-soluhle boron in superphosphates and defluorinated phosphate rocks 

SUPERPHOSPHATES 


Sample No. 

Phosphatic fertilizer 

Pa 06 i 

B 2 O 3 

Type 

Made from— 




Percent 

P.p.m. 

1403 1 

Ordinary superphosphate 

Florida land pebble 

20.56 

<10 

1402 2 

do-_I-._r_._* ! 

do__ 

20.60 

<10 

1580 

.....do 

do. 

20. 85 

51 

1581 

do - 

Tennessee brown rock 

20. 24 

36 

1486 

Special superphosphate 3 

Florida land pebble 

32. 67 

58 

1361 

Double superphosphate 

do 

49. 27 

94 

1481... - 

do I — 

Tennessee brown rock J 

43. 43 

, 77 

1362. 

Ido - : i 

do 

48.37 

158 

1372- 

_ _do— 

Idaho rock 

47.33 

m 


1 





DEFLUORINATED 

' PHOSPHATE ROCKS 



1476 ^ 

Fused phosphate rock 

Tennessee brown rock 

28. 95 i 

21 

1351 

Calcined phosphate rock. 

do... 

36.58 

20 

1478 1 

do 

...— do - 

37. 25 

30 


1 The sulphuric acid used in the preparation of this superphosphate was processed sludge acid from the 
raffination of asphalt-base petroleum. 

2 The sulphuric acid used in the preparation of this superphosphate was untreated sludge acid from the 
raffination of asphalt-base petroleum. 

3 Prepared by granulating a mixture of ordinary and double superphosphate, 

^ Defluorinated in the fused condition 
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The agreement of the results in the foregoing cornparison relating to 
ordinary superphosphate leaves the inference that in the manufacture 
of phosphoric acid by the wet process a large part of the boron in the 
phosphate rock may go into the product acid. ^ Accordingly, double 
superphosphate made with such phosphoric acid would be expected 
to contain as much, or more, boron than the ingredient rock. The 
results for boron in double superphosphates (table 7), in comparison 
with the boron content of the same types of phosphate rock (table 
6), clearly siipport tliis expectation. 

Results for boron in domestic superphosphates reported by previous 
workers (10^ 26) are considerably higher than the figures obtained by 
the authors, the difi'erences being about the same as were found in the 
case of phosphate rock. 

Without asserting that previously reported results are subject to 
such error, it should be pointed out in this connection that superphos- 
phate, because of the presence of active fluorine compounds, readily 
attacks glass and cannot be stored in glass bottles without becoming 
contaminated mth boron from the container. For the sake of com- 
parison, results on portions of double superphosphates No. 1361 and 
1362 that had stood in glass bottles for 3 years may be cited. Sam- 
ples taken from the center of these bottles, that is, out of direct con- 
tact with the glass, showed 120 and 186 p. p. m. of B2O3, respectively, 
as compared with 94 and 158 p. p. m, (table 7) in material that was 
stored in wooden containers. 

The cpiantity of acid-soluble boron found in defluorinated Tennes- 
see brown-rock phosphate (7, 16) amounted to 20 to 30 p. p. m. of 
B2O3 (table 7), and since this material is almost completely decom- 
posed by hydrochloric acid, these figures may be regarded as a close 
approach to the total boron. On the basis of the range of the results 
for brown rock (table 6) it appears that around 50 percent of the boron 
in phosphate rock is volatilized in the defluorination process. De- 
fluorinated phosphate rock probably carries less boron than basic slag. 
An imported slag (not shown in the tables), the only slag examined by 
the authors, contained 116 p. p. m. of B2O3. 

SUMMABY 

The Chapin method, modified to the extent that only one indicator 
is required in the titration, was applied to the determination of the 
relatively small quantities of boron occurring in natural phosphates 
and superphosphates. 

Results are given for boron in 54 samples of natural phosphates from 
various deposits of the world, 9 samples of superphosphates, and 3 
samples of defluorinated phosphate rock. The results for acid-soluble 
boron (B2O3) in natural phosphates range from <(10 to 144 p. p. m., 
in superphosphates from <10 to 158 p. p. m. and in defluorinated 
phosphate rock from 20 to 30 p. p. m. 
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THE ANATOMICAL DEVELOPMENT OP LEPIDIUM 

DRABA^ 


By Austin 0. Simonds ^ 

Assistant in hotany, Colorado Agricultural Experiment Station 

INTRODUCTION 

The difficulties of weed control suggest the need for a fuller knowl- 
edge of the life histories of these plants. One of the most persistent 
perennial weeds in the West is hoary cress {Le^ndium dr aba L.). In 
an effort to determine the cause of its resistance to eradicatioiij a 
study was made of its anatomical development from the seed to the 
mature plant. The results are presented in this report. 


MATERIALS AND METHODS 


The studies of the anatomy of the seedling were made with plants 
grown fromi seeds secured from the Colorado seed laboratory and from 
seeds obtained froni mature plants in the field. The mature plants 
used for the anatomical studies and those used as a source of seed were 
collected along a road and in a nearby field north of Loveland Lake, 
Loveland, Colo. 

The studies on seedling development were made on plants collected 
weekly up to 6 weeks of age, then at 2 months, 3 months, and 5K 
months. The plants 3 and 5K months old were grown both in a garden 
plot and in the greenhouse. Plants of corresponding ages from the 
greenhouse and outdoor plots showed very few outstanding differences. 

The paraffin method was used in most of the work, although free- 
hand sections were studied to check certain structures. Most seed- 
lings were killed and fixed in chromo-acetic-formalin (42 cc of 1 -percent 
chromic acid, 3K cc of glacial acetic acid, 15K cc of formaldehyde, and 
39 cc of water). Alcohol-formalin-acetic fluid (48 cc of alcohol, 40 cc 
of water, 7 cc of formaldehyde, and 5 cc of glacial acetic acid) was used 
for the mature plant tissues. Because of the abundance of stone cells 
in the root and crown, and the large amount of lignified tissues in the 
older organs, it was necessary to treat these materials in hydrofluoric 
acid for 1 week before they were processed for sectioning in paraffin. 
Safranin-fast green was the stain combination used most frequently ; 
safranin-Mayer’s haem-alum was also employed. 

EXTERNAL MORPHOLOGY OP THE SEEDLING 


The cotyledons appear above ground 5 or 6 days after planting. 
The cotyledons expand in about 3 weeks to maximum size, approxi- 
mately five times their dimensions in the seed. During this interval 
the first leaves emerge and begin to enlarge (fig. 1, 1-5). The leaves 
continue to enlarge for 5 or 6 weeks and form a loose rosette. 


^ Received for publication March 14, 1938; issued February 1938. Contribution from the Department of 
Botany, Colorado Agricultural Experiment Station. „ , ^ ■ 

2 The author wishes to express his appreciation to Dr. L. W. Durrell, head of the Botany Department of 
Colorado State College, for consultation and for advice pertaining to these investigations, and to Dr. J, E, 
Sass and Dr. J. N. Martin of Iowa State College for help and suggestions in the preparation of the manu- 
script. 
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tion of the mature plant wiU not be given here, since it has been 
adequately described by others.® 

ANATOMY OF THE EMBRYO 

Preliminary to the embryonic studies, the seeds were soaked for a 
time in order to remove the seed coats, and the extracted embryos 
were embedded and sectioned in paraffin. Transverse and longitu- 



Figtjbe 2. — Seedlings of Lepidium draba showing secondary shoots arising from 

the hypocotyl region. 

dinal sections (pi. 1, A and B) show that the cotyledons are reflexed 
nearly parallel to the radicle. The tip of the radicle has a thin root 
cap formed from a calyptrogen. The apical meristem of the epicotyl, 
between th e curved cotyledons, consists of a small, conical mass of 

3 Hitchcock, C. Leo. the genus lepidium in the united states. Madrono 3: 265-320, illus. 1936. 
Bellub, Margaret K. new weeds gonfused with hoary cress. Calif. Dept. Agr. Monthly Bull. 
22: 288-293, illus. 1933. 

PEiraRSEN, A. K., and Burdick, R. T. perennial peppergrass— a noxious weed in Colorado. 
Colo. Expt. Sta. Bull, 264, 10 pp., illus. 1920. 
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cells. Some cells of tke embryo appear to have two nuclei, and most 
of the cells contain an abundance of starch. 

The central pro vascular cylinder of the radicle and hypocotyl 
branches just below the cotyledonary node and provides a branch for 
each of the cotyledons (pL 1,B). The internal (ventral) surface of the 
cotyledons contains cells which form a palisadelike layer. ^ The cells 
of the dorsal region are also very compact but more irregularly 
arranged. 

THE ROOT 

THE PRIMARY ROOT 

The primary vascular system in the young seedling is a diarch pro- 
tostele of the^varch type (pi. 1, C). In plants 1 week old, only the 
protox^dem areas are lignified. At this age the metaxylem cells are of 
mature size but are not lignified. Two small protophloem areas are 
present but are distinguished with difficulty from the pericycle. In 
plants at least 2 weeks old the phloem cells are usually smaller than 
those of the pericycle, and some sieve tubes and companion cells are 
recognizable. 

The pericycle consists of one layer of parenchymatous cells. A sup- 
plementary layer of interstitial parenchyma fills in the area between 
the protoxylem and protophloem. The cells of the endodermis in 
the root of the 10-day-old plants are conspicuously larger than the 
pericy die cells and may be recognized by the narrow elliptical cas- 
parian strips (pi. 2, £). Casparian strips were observed only in the 
lower part of the hypocotyl. The endodermal cells are thin-walled, 
very similar to the cortical cells although not quite so large in diameter. 

The wide cortex of the primary root consists of parenchymatous 
cells with large intercellular spaces. The very loose arrangement of 
the cells is conducive to the subsequent rapid break-down of the 
cortex. The epidermal cells are thin-walled and parenchymatous, 
varying in cross-sectional diameter both radially and tangentially 
In the region of absorption, root hairs are formed but are of short dura- 
tion because of the early sloughing of the cortex. 

DEVELOPMENT OP THE ROOT 
Structure op the Xylem 

The formation of secondary xylem is initiated by a cambium between 
the small masses of piimaiy phloem and xylem. The first secondary 
xylem cells are formed at right angles to and nearest the center of the 
diarch primary xylem (pL 1, 0, D). As development proceeds, fusiform 
cambial cells originate in the parenchymatous tissue tangential to 
those already present, gradually filling out the central, somewhat 
circular, area of xylem. After the first-formed masses of secondary 
xylem are as long as or slightly longer than the protoxylem areas on a 
radial plane, the cambium connects around the two points of primary 
xylem. 

The lignified tracheae are interspersed among the parenchymatous 
cells and fiber tracheids. Extending radially from the protoxylem 
areas, wide parenchymatous xylem rays are laid down by the cambium. 
N pmw xylem rays also occur in the lignified areas of the xylem. The 
origin of these later-form^ rays apparently is at the beginning of a 
new season of growth (pL l, jD): ^ ^ 
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Longitudinal sections of young and old roots show that the first 
protoxylem elements consist mostly of spiral tracheae , al though 
some annular cells are formed. The secondary wall thickenings of 
these cells are very delicate. In the tracheae that are produced later, 
the secondary wall consists of pronoimced scalariform thickenings. 
It was observed that a few elements formed at the end of the growing 
season were more like reticulate cells. The fiber tracheids have 
sharper pointed ends than typical tracheids, smaller lumina than the 
smallest tracheae, and greatly reduced bordered pits. The xylem 
parenchyma cells of the old roots are from two to five times as long 
as they are wide, and the majority of the cells have transverse or nearly 
transverse end walls. 

Annual growth rings are formed in the portion of the root a few 
inches below the surface of the ground. The ^^springwood^^ contains 
relatively large tracheae and considerable parenchyma, whereas the 
^^summerwood” contains smaller tracheae and a band of xylem fibers. 
Thus the difference in spring and summer growth makes the rings 
apparent. 

Structure op the Phloem 

The formation of secondaiy phloem is slow as compared with the 
rate of xylem formation. The phloem cells differ from the pericycle 
in that their walls appear a little thicker in cross section and stain 
slightly darker. The sieve tubes were foimd to have nearly transverse 
end walls, with the sieve plates located only at the ends. The angular 
companion cells are of the same length as the sieve tubes, very small 
in diameter, and have protoplasm slightly more dense than that of the 
sieve tubes. 

The cambium produces a large amount of phloem parenchyma in 
which sieve tubes and companion cells are found in small isolated 
strands. However, stages were found where the phloem conducting 
tissue was difficult to recognize because of a wide radial band of 
undifferentiated cambial derivatives. 

The older conducting phloem becomes crushed and is absorbed in 
the surrounding tissues as the plant axis continues to increase in 
diameter. This condition was observed in some sections from plants 
12 weeks or more of age (pi. 1, H). 

The Cortex 

Very early in the life of the plant the cortex becomes wrinkled, 
breaks down, and sloughs away (pi. 1 (7, Ej and F). This breaking- 
down process is sometimes associated with the differentiation of a 
characteristic structure in the first layer of cortical cells next to the 
endodermis. A reticulate tertiary thickening is deposited on the in- 
side of the inner tangential wall in these cells (pi. 2, B, 0, H, and E). 
Not all young roots sectioned showed this structure. The youngest 
was 10 days old and the oldest was IS% weeks old.^ 

The thickenings stain red like lignified material when safranin 
and fast green are used as a staining combination. The meshes of 
the reticulum spread out flat in each cell and sometimes the open ends 
in two adjacent cells are opposite each other. This netlike structure 
was found only in the very young primary roots and in young sec- 
ondary roots. It appeared to completely surround the stele of the 
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roots of some young plants, while still yoiiiiger roots had only a small 
patch on one side (pL 2, j5). 

A periderm arises in the pericycle and is followed by the breaking 
down of the cortex. The phellogen produces a layer of cork which 
may attain a thickness of 12 or more layers of cells in old roots. 
However, the unbroken inner layer was only four or five cell layers in 
thickness. No evidence of the production of a phelloderm was found, 
all the tissue external to the cambium of the old root apparently being 
made up of secondary phloem cells. 

Small clusters of these pliloem cells in the ^hortical region” of the 
root differentiate into stone cells as secondary phloem sclerenchyma. 
Plants taken from the garden plot October 10 showed stone-cell 
differentiation taking place, and most of the sections of old roots had 
stone cells in this tissue (pi. 1, D). The vascular tissues of the 
phloem are separated by phloem rays. 

The 90-day-old root (pi. 2, A) had a considerable number of inter- 
cellular spaces in the ^hortical region.” These cavities extend ver- 
tically in the root for some distance. The exact length could not be 
determined from longitudinal sections because the cavities are not 
perfectly parallel with the axis. 

Sections taken from roots 12 inches below the ground line did not 
contain as many of the intercellular spaces as sections from roots at 
4- and 6-inch depths; while at 22 inches down, very small and few 
air passages occurred, 

ROOT-STEM TRANSITION 

The root-stem transition is most easily understood by studying 
seedling plants. The diarch protostele vascular an*angement of the 
root continues up into the hypocotyl to within a few millimeters of 
the cotyledonary node. The first indications of the transition change 
from root to stem are the production of slightly larger masses of sec- 
ondary tissue situated at right angles to the line of the primary xylem, 
and the collapse of some of the primary xylem cells (fig. 3, C), A close 
examination of the center of a section, taken at a slightly higher level, 
shows the presence of two central parenchyma cells which is the first 
indication’ of the pith and of the siphonostele of the stem (fig. 3, D). 
Slightly larger masses of secondary tissue are also present and the 
primary xylem is reduced on each side to two tracheae. 

A section taken from the hypocotyl about one-half millimeter 
higher has the secondary tissue divided into seven small areas sepa- 
rated by parenchyma cells. The secondary tissue contiguous^ to each 
side of the protoxylem points becomes separate from the semicircular 
masses, forming four bundles, represented as clear areas (Fig. 3, jE). 
The secondary tissue on one side remains in one bundle und that on 
the opposite side separates into two smaller bundles. Figure 3, F, is 
similar to F, differing only in the fact that F shows the first indication 
of the separation of a small mass of vascular tissue to foiin a lateral 
cotyledonary trace. This can be seen as a partly divided bundle 
(clear) at the left side of figure 3, F. 

No evidence of the primary vascular system can be found at the 
plane where the section for figure 3, was taken. The two small 
bundles at the sides of the primary xylem points fuse and send out 
small bundles which will become lateral bundles of the cotyledons. 
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The changes that take place at successive levels are evident in 
figure 3j /, and J. In 1 the central vascular ring shown in has 
divided to become the vascular traces for the.first three leaves. The 
section cut through the apical meristem (fig. J) shows the cotyledon- 
ary bases at the outside extremities w;ith the base of five leaves in 
between them and the meristematic tip in the center. 

THE STEM ■ . 

PRIMARY STEM STRUCTURES 

Since the hypocotyl up to a few millimeters below the cotyledons is 
a diarch protostele like the root already described, a detailed descrip- 
tion of the hypocotyl will not be necessary. ^ The principal anatomical 
difference between the root and hypocotyl is that the cortical region 
of the hypocotyl is larger in diameter than that of the root and its 
epidermis contains stomata. The root-stem transition, which takes 
place a short distance below the cotyledons, has been described. 

A prominent shoot is not evident until the plants are at least 12 
weeks old. The protoxylem consists largely of spiral elements, 
although a few annular and scalariform protoxylem cells are formed. 
The metaxylem contains a few reticulate and pitted elements. The 
first-formed protophloem appears to be phloem parenchyma, although 
very early the sieve tubes and companion cells are in evidence in 
small restricted patches. 

A cross section of an internode of an 18K-week-old stem discloses a 
large pith with large intercellular spaces and an irregular medullary 
sheath adjacent to the primary xylem (pi. 2, F). The vascular 
cylinder consists of vascular bundles, some of which are distinct while 
others are joined by vascular tissues formed by the interfascicular 
cambium. 

The xylem is made up of small clusters of lignified tracheae inter- 
spersed ainong parenchymatous cells and partially differentiated fibers. 
The cambium cells are small, thin-walled, and somewhat rectangular 
in cross section. The phloem at this age consists of sieve tubes, 
clearly defined companion cells, and undifferentiated fiber cells. 

In many of the plants grown in greenhouse flats and iii some of the 
stem shoots of field plants the cortex of the stem near the ground had 
collapsed and disintegrated. This condition was found in plants 
growing in a crowded environment. Under such conditions, a peri- 
derm was found just outside the phloem, probably arising in the 
innermost part of the cortex. Thus the “cortical region’^ of such an 
organ (pi. 2, F) is largely made up of old phloem, limited on the out- 
side by the thin periderm layer. The cortex higher up on the .-stem 
is not sloughed off but remains as a loosely arranged tissue with 
large intercellular spaces (pi. 3, A). 

CHANGES IN THE MATURE STEM 

The more mature stem_ structures can be seen in plate 3, (7. Besides 
the noticeable increase in vascular tissue certain other changes are 
apparent. In the cortex of the stem the intercellular passages are 
larger and appear to be more numerous than in the younger stem. 
These passages are arranged in such a way as to give a netlike appear- 
ance to I'egions of the cortex. The epidermal cells of the stem appear 
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A, Section of young stem. X 96. B, Section from below ground of young stem 
shoot showing stem hairs modified as root hairs. X 43. 0, Section of mature 

stem. X 75. B, Longitudinal section of pitted trachea showing perforated 
torus. X 708. 
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A, Section of crown showing the lignified rays. X 58. B, Section of mature 
leaf. X 67. C, Section through a root showing stem shoot arising from the 
root. X 46. D, Section through stem shoot showing the origin of an 
adventitious root. X 101. 
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rectangular from external view and are nearly isodiametric in cross 
section. These thick-walled cells are cutinized on both the inner and 
outer tangential walls. A slightly thinner-walled hypodermis was 
evident on the mature stem (pi. 3, C). The guard cells of the stomata 
are small and slightly sunken. Their cross-sectional area was about 
one-fourth that of the normal epidermal cells in close proximity to 
them. 

Epidermal hairs, uniform in shape, are commonly present over most 
of the aerial organs of the plant. Their structure will be described 
later as part of the leaf. The hairs on the subterranean portion of 
young stem shoots just emerging from the ground in moist soil are 
more numerous and longer but otherwise similar to root hairs (pi. 
3, 5). 

These modified epidermal hairs were not equally abundant around 
the entire circumference of the stem. They were longer and thicker 
on the lower side of the bend where the shoots were attached to the 
old crown. Since these hairs were found early in the spring and were 
not present on older shoots later in the growing season, they are 
considered to be temporary structures. The indications are that 
under the environmental conditions encountered early in the spring 
(April 15), these modified stem hairs function as root hairs for a time, 
but as the top layer of the soil dries out and a periderm develops in 
the pericycle of these underground organs, cutting off the outer tis- 
sues, the cells dry up and disappear. 

THE CEOWN 

During a severe winter the crown and even some of the top of the 
root may be killed. When this occurs, new crown shoots are formed 
as adventitious buds near the top of the living section of root. In 
the plots where the tops of the roots were dug for anatomical studies, 
from one to four new shoots were sent up through 12 inches of soil. 
The lower 9 or TO inches of these shoots developed crown characteris- 
tics and the remaining portion had stem structure. 

Since the early development of the crown was found to be similar 
to that of the aerial stem, the development of the two organs will not 
be discussed separately. Both yoimg stem and crown have a ring 
of vascular bundles forming^ a dissected siphonostele, with rays of 
parenchyma connecting the pith with the cortex. In the crown cambial 
activity is more rapid than in the stem, resulting in the early formation 
of a continuous cylinder of thick-walled lignified xylem (pi. 4, A). 

As in the root, the primary cortex of the crown is sloughed off 
early in the life of the organ. A phellogen arising in the tissues outside 
the primary phloem forms a protective layer of phellem. Since the 
endodermis could not be identified in the crown, the exact tissue giving 
rise to the phellogen was not determined. Judging from the amoxmt of 
parenchyma cells inside the periderm, the phellogen in the crown 
probably arises in the primary cortex. 

The crown of old plants develops clusters of stone cells in the paren- 
chyma outside the active phloem early in April (pi. 4, A), whereas 
the seedling plants in deep greenhouse flats did not form the stone 
cells until August, when the plants were 6 months old. Intercellular 
spaces were formed in the outer portion of old phloem of the crown the 
first year in plants grown both in the greenhouse and in the garden plot- 
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Comparisons of old crowns with the lower part of mature stems did 
not reveal any striking structural differences. In the upper levels of 
the mature stem isolated masses of fibers occur just outside the active 
phloem (pi. 3, 0). The pith of the stem is much larger in cross section 


Figure 4. — Lepidium dr aha, showing new stem shoots arising from the crown 
shoots and also a portion of the root system. 

than the pith of the crown. The stem contains tracheids, whereas the 
crown had thick-walled, long fiber tracheids with sharp tapered ends. 
The pitted tracheae of the crown and stem have large pit openings, 
which when greatly magnified show the torus to be perforated 
(pis. 3, D and 2, 6). 
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ADVENTITIOUS SHOOT AND ROOT FORMATION 

The root system of the plant has both perpendicular and horizontal 
roots (figs. 4 and 5). No structural differences were found between 
the horizontal and the perpendicular roots and both produce adventi- 
tious buds which develop into shoots. Under field conditions the 
horizontal roots send up the most shoots and thus are the principal 
means of vegetative spread of the plant. If the top of a vertical root 
is killed by winter freezing or is cut off in digging, new aerial shoots 
arise opposite a large xylem ray in the phloem. Plate 4, (7, shows a 
shoot arising from an old root. 

In the seedling stage, supplementary stem shoots commonly arise 
from the middle or lower portion of the seedling hypocotyl (fig. 2 
and fig. 1, 13, b). Since that part of the hypocotyl was found to be a 
protostele similar to the root, the formation of these buds is similar to 
buds formed on the vertical roots. 


Figure 5. — Lepidium draba: Outside plants in bud and early blossom stage, with 
part of root system. Central plant from different plot slower in development; 
section from root showed five grow^th rings. 

Adventitious roots are also formed from young stem shoots below 
the ground line. These roots originate from the pericyclic region 
radially between primary bundles of young stem shoots (pi 4, D) . 

THE LEAF 

Although the external appearance of the leaf has been adequately 
described by taxonomists, certain external structures should be men- 
tioned here. The pubescence on the leaf surfaces consists of long 
pointed one-ceUed trichomes. The trichome cell has a thin covering 
of the cuticle over its surface. When greatly magnified the hairs 
appear to have numerous very small elongate stipulate pit markings 
in their walls. The trichome distribution over the leaf surface was 
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found to be fairly uniform on the various plants examined. Data 
taken from 10 leaves from each of 10 scattered plants gave an average 
of 30 hairs per square millimeter on the lower surface and 25 per square 
millimeter on the upper surface. 

The average number of stomata on the upper and lower surfaces was 
found to be 273 per square millimeter or 173,355 per square inch on the 
upper surface of the leaf and 267 per square millimeter on the lower 
surface. These average numbers are not considered to show a 
significant difference. 

A study of the internal structure of the leaf (pi. 4, B) shows it to be 
very compact. There is marked uniformity of structure in the meso- 
pliyll, and intercellular spaces are few. In most of the leaves the 
mesophyll consists of short pahsadelike cells, but in some leaves a 
poorly developed spongy parenchyma layer was found. Plate 4, B, s, 
shows a cross section of a stoma. The transfusion cells around the 
vascular system of the leaf show best around the large vein bundles. 

SUMMARY 

The embryo of the dormant seed of hoary cress {Lepidium dr aha) 
consists of two reflexed cotyledons, a small dome-shaped apical shoot 
meristem between the cotyledons, and a cylindrical radicle. The 
provascular system is evident in the axis and cotyledons and consists 
of undifferentiated procambial cells. 

The stele of the root is exarch and diarch. 

The root-stem transition'is only a short distance below the cotyle- 
dons. The protoxylem points are the last of the primary xylem to 
disappear, and flanldng masses of xylem fuse to form the vascular 
supply to the coytledons. Primary plumular development is inde- 
pendent of that of the primary vascular system of the root and plumule 
elements are continuous with secondary tissues formed by the cam- 
bium in the region of the hypocotyl. 

The cortex of the primary root is sloughed off very early; the 
“cortex’^ of the older root consists of old phloem. 

A secondary wall thickening is deposited in the first layer of cortical 
cells next to the endodermis of some young primary and secondary 
roots. 

Old roots and the seedling hypocotyl produce adventitious shoots 
readily. 

Less commonly stem shoots form root meristems below the surface 
of the ground. 

Modified stem hairs having characteristics of root hairs were found 
below the ground line on young stem shoots. 

The leaf had a very compact structure suggestive of xerophytic 
plants and the root cortex of the first 8 inches below the ground 
contained large intercellular areas somewhat like those of hydrophytic 
plants. 

The leaf stomata are extremely small and v ery numerous, numbering 
as many as 173,355 to the square inch. 


BLACK RING, A VIRUS DISEASE OF CABBAGE AND 
OTHER CRUCIFERS ^ 

By C. M. Tompkins, assistant plant pathologist, M. W. Gardner, plant pathologist, 

and H. Rex Thomas, formerly graduate assistant in plant pathology, California 

Agr icultural Experiment Station ^ 

INTRODUCTION 

A virus disease of cabbage {Brassica oleracea L. var. capitata L.), 
des^nated as black ring, h prevalent mainly during the winter and 
spring seasons near San Pablo and Colma in the San Francisco Bay 
section and in the Sacramento, Salinas, and Santa Clara Valleys of 
California (18)} Other crucifers of more importance in California, 
including Brussels sprouts (B, oleracea L. var. gemmijera DC.) and 
cauliflower {B, oleracea L. var. botrytis L.) are also highly susceptible 
to infection. ^ The results of field and greenhouse studies of this disease, 
in progress since 1932, are presented in this paper. 

REVIEW OF LITERATURE 

A mosaic disease of cabbage and other Brassicae, characterized by 
clearing and necrosis of the veins and yellowing and dwarfing of the 
plants was briefly recorded by Ogilvie et al. (<S, 9), Wallflower plants 
were also found to be susceptible to infection which induced breaking 
of the flowers. 

In 1935, Smith (12) described a virus disease of cabbage, Brussels 
sprouts, and other species of Brassica, prevalent near Cambridge, 
England, which he designated as “ring spot.’^ It seems probable that 
this disease was identical with that referred to by Ogilvie et al, (<S, 5). 
The principal symptoms on cabbage and Brussels sprouts leaves, 
especially the older ones, consisted of sunken, black, necrotic rings 
scattered uniformly over the surface. By means of juice inoculations, 
infection was obtained on cabbage, Nicotiana glutmosa L,, N. langs- 
dorffii Weinm., and N. tabacum L. var. White Burley, The insect 
vector proved to be the green peach aphid (Myzus persicae (Sulzer)), 
Later, Smith {IS, 14) reported natural infection of wallflower {Cheiran- 
thus cheiri L.), annual stock {Matthiola incana R. Br, var. annua Voss), 
Brompton stock {M. incana), Arabis sp., and sweet rocket (Hesperis 
matronalis L.) with the virus of “cabbage mosaic.’’ Apparently the 
name cabbage mosaic was used in a sense synonymous with ring spot, 
but this has led to some confusion. The designation of this disease as 
ring spot is considered unfortunate in view of the earlier use of this 
term by Weimer {21) to describe a ring spot of crucifers caused by 
Mycosphaerella brassicicola (Fr.) Lindau. 

Hoggan and Johnson (^), in describing a virus disease of crucifers, 
observed a mild mottling or chlorotic spotting on the leaves of cab- 
bage seedlings inoculated at temperatures of 70° to 80° F. This virus 

1 Received for publication May 18, 1938; issued February 1939. . 

2 The writers are indebted to Prof. B. A. Madson and W, W. Mackie for greenhouse space and facilities. 
Valuable assistance in the greenhouse work was rendered by employees of the Federal Works Progress 
Administration. 

3 Italic numbers in parentheses refer to Literature Cited, p. 951. 
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was readily transmissible both mechanically and by means of the cab- 
bage and green peach aphids. No mention was made, however of 
necrotic rings as a symptom on this host. ’ 

Although the reference by Smith is apparently the only one 
which may’ directly relate to the black ring disease of cabbage herein 
discussed, it should be noted for the sake of clarity that certain other 
crucifer viruses may also cause necrotic lesions on cabbage. These 
however, are of a different type. Blank (i), workers at the Wisconsin 
station (2, 3), and Walker and Larson (7, ^0), have discussed a mosaic 
disease of cabbage, prevalent in Wisconsin, which is characterized by 
mottling followed by the formation of small, necrotic spots on all of 
the head leaves. During a recent visit in California, E. H. Larson 
was shown typical specimens of the black ring disease of cabbage and 
concluded that it is different from the mosaic disease of cabbage in 
Wisconsin. Necrotic lesions were produced on cabbage seedlings inoc- 
ulated with a turnip mosaic virus from New York in recent tests 
(1 6, fig. 5). These proved to be entirely different from those caused on 
cabbage plants by the cabbage black ring or the Wisconsin cabbage 
mosaic virus. Jones ^ reported a mosaic disease of cabbage in Washing- 
ton but made no mention of necrotic lesions. Eecently, through the 
courtesy of J. F. Adams of Mount Vernon, Wash., the writers received 
specimens of a virus disease on cabbage in Washington which is similar 
to, and may be identical with, the black ring virus disease in California 
The host range of the Washington cabbage virus closely parallels that 
of the black ring virus, but the properties have not been studied. 

Although Clayton {f) found that the rutabaga mosaic virus did not 
cause necrotic lesions to appear on cabbage leaves, either by natural 
or experimental means, it is of interest to note that tins virus did in- 
duce yellow blotches surrounded by necrotic edges on Brussels sprouts 
leaves (4, f, E). 

SYMPTOMS OF THE DISEASE 

The symptoms of the disease produced on Winter Colma cabbage 
by mechanical moculation in the greenhouse are identical with those 
observed on different field-grown varieties of cabbage exposed to 
natural infection. Early symptoms consist of niunerous, small, 
chlorotic, circular to irregular lesions, ranging in size from 0.5 to 1.0 
mm in diameter, which are distributed at random between and ad- 
jacent to the veins (fig. 1, A)- When viewed in either reflected or 
transmitted hght, the chlorotic lesions are more prominent and distinct 
on the upper than on the lower surface of the leaf. Within a few days 
after the lesions appear there may be a change in color to light viridine 
yellow ® accompanied by an increase in size from 1 to 3 mm in diameter. 
Sunultaneously, the chlorotic lesions become more abundant, and there 
is a gradual transition during which the normal, dark-green color of the 
leaf is replaced by the chlorotic areas. This gives a marked chlorotic 
appearance to leaves of infected plants (fig. 1, E). Small, dark-green 
islands now appear against a chloiptic background (fig. 1, B). Occa- 
sionally, in tiie early stages of infection, some leaves may show necrotic 
lesions, cliieny as very small, dark-olive specks and a few large chlorotic 
areas surro unded by broken to entire, necrotic edges, between and on 

Jones, I./EON Ik. observations on plant diseases in ■WASHINfrTn'Nr iT^r lQ^fi TT Q Tiiiv T ^ 

Plant Disease Reptr. 20: 230-235. im Washington in 1936. TJ. S. Bur. Plant Indus. 

5 Color deteririmations were made with the aid of Ridgway's (n) manual. 
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the veiii^ (%•. G), Two to three weeks after the initial appeazmice 

ol the chlorotic lesions, a necrotic margin develops on many of them, 
in general less than 0.25 mm in width (fig. 1, D), in marked contrast 
to a normal, healthy cabbage leaf (fig. 1, E), When examined with a 
hand lens, these necrotic rings are seen to be surrounded by a narrow, 
light-green to light-yellow halo. Not all chlorotic lesions become 
necrotic. Eventually considerable coalescence of lesions occurs. 


Figure 1. — Symptoms produced by the black ring virus on Winter Colma cabbage 
leaves by mechanical inoculation in the greenhouse at 13® to 19® C. : A, Chlorotic 
lesions on a normal, dark-green background; B, dark-green islands on a chlorotic 
background; C, necrotic specks and lesions; D, necrotic lesions in late stages of 
infection; E, noninoculated control. 

resulting in an irregular, multiple lesion. Where lesions abut directly 
on a vein or on the midrib, the latter become blackened and shriveled. 
Eventually the chlorotic to yellow centers of many of the lesions sur- 
roimded by necrotic rings become entirely necrotic. The necrotic 
lesions are generally more numerous and more conspicuous on the 
lower leaf surface. As the older infected leaves commence to turn 
yellow with age, the lesions on the upper surface become somewhat 
more prominent; this is also true of the lesions on the low^'er surface. 

Under natural conditions, symptoms are visible principally on the 
older, outer head leaves (fig. 2, A), although affected plants may be 
stunted in size. Early and late stages of these necrotic lesions on cab- 
bage leaves, greatly magnified, are shown in figure 2, D and iS. As 
with greenhouse-infected cabbage plants, the necrotic lesions are most 
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conspicuous on the under surface of the leaves. When viewed from n 
distance, a field of infected cabbage plants looks as though it had been 
scorched by fire. Similar symptoms occur on naturally infected cauli 
flower leaves (fig 2, B) and on sprouting broccoli {B. oleracea var' 
botryhs) (%. 2, G), 

In tlie greenhouse, chlorotic lesions are sometimes larger and more 
conspicuous on cauliflower than on cabbage leaves (fig. 3^ ^i) and in 


Figuee 2 — Necrotic lesions produced under natural conditions h 
virus: ^ On cabbage; B, on cauliflower; C on sproXS 
multiple lesions with green centers on cabbage; E, single or mu 
cabbage, showing complete necrosis. ^ ^ 

marked contrast to a healthy cauliflower leaf (fip- 3 B) 
m^size and shape and, as with cabbage, some of them n 
color to light vmdme yellow. Although necrotic lesions 
leaves of naturally infected cauliflower, attempts made" 
house to reproduce this symptom with juice from -nfitn 
cabbage and cauhflower plants and from the stock cultur 
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Figuke 3. — Symptoms produced by the black ring virus by mechanical inocula- 
tion in the greenhouse at 13® to 19° C.: A, Chlorotic lesions on February cauli- 
flower leaf ; J5, noninoculated control. 

TRANSMISSION 

The strain of the black ring vii’us used in studies on transmission, 
host range, and properties was derived from a diseased cabbage plant 
collected at San Pablo, Calif., in November 1935. The virus was 
established on young cabbage plants, variety Winter Colma, in the 
greenhouse and has been maintained by monthly transfer without 
any apparent change in virulence. Winter Colma cabbage seedlings 
were used as the standard test plant for recovery of the virus from 
infected plants and for property studies. 

All inoculations were made in a greenhouse where temperatures 
ranged from 13° to 19° C. The methods followed were essentially 
those described in recent papers 19). Mechanical inoculations 
were made by dusting the leaves with 600-mesh, powdered carbo- 
rundum {10) and lightly rubbing with absorbent cotton dipped in 
juice from a diseased plant. 

The cabbage black ring virus is transmissible to healthy cabbage 
seedlings by mechanical inoculation only when carborundum (iO) is 
used. As a result of numerous tests, the incubation period was 
determined as ranging from 9 to 21 days. 

Since Essig {5) found that the cabbage aphid {Brevicoryne brassicae 
(L.)) and the green peach aphid {Myzus 'persime (^Azbt)) breed 
naturally on cultivated and wild crucifers in California, it seemed 
desirable to test these two aphid species under greenhouse conditions. 
Following the procedure outlined in a recent paper (f5), noninfective 
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cabbage and green peach aphids ® were fed on recently infected 
cabbage plants for 24 to 48 hours, after which they were transferred 
in lots of approximately 20 aphids each to healthy cabbage seedlings. 
After 24 hours, all plants were sprayed with nicotine sulphate solu- 
tion. Healthy cabbage seedlings infested with noninfective aphids 
and noninoculated plants free from aphid-S served as controls. 

Of 20 cabbage plants infested with viruliferous cabbage aphids, 
15 showed typical symptoms of the disease in 9 to 16 days. When 
infective green peach aphids were placed on 20 cabbage plants, 17 
plants were infected, the incubation period ranging from 10 to 14 
days. The virus was recovered from all infected plants by mechanical 
inoculation. None of the controls became diseased. 


HOST RANGE 


Other crucifers in addition to cabbage which are subject to natural 
infection by^ the cabbage black ring virus, as proved by mechanical 
inoculation in the greenhouse with expressed juice from representa- 
tive field samples, include brussels sprouts, sprouting broccoli, and 
cauliflower. The chlorotic and necrotic ring symptoms characteristic 
of infection on cabbage were also observed on all of these hosts. 

Numerous commercial varieties of white and red cabbage were 
tested in the greenhouse^ by mechanical inoculation to determine 
their degree^ of susceptibility. In addition to the variety Winter 
Colma, previously referred to as the standard test plant, all varieties 
proved to be highly susceptible. The number of plants of any par- 
ticular variety to be tested varied from 20 to 200. Symptoms shown 
by infected plants and the length of the incubation period, irrespective 
of variety, were in close agreement with those of the variety Winter 
Colma. 

The following varieties of cabbage were tested: White — Allhead 
Early, All Seasons Charleston or Large Wakefield, Copenhagen 
Market (two selections), Danish Ballhead (two selections), Early 
Drumhead Savoy, Early Dwarf Flat Dutch, Early Jersey Wakefield, 
Early Winriingstadt, Extra Early Express Eound, Glory of Enkhuizen, 
Golden Acre (two selections) , Hollander, Improved Globe, Large 
American Drumhead, Marion Market, Midseason Market, Penn 
State Ballhead, Perfection Drumhead Savoy, Premium Late Flat 
Dutch, San Francisco Market, Stone Mason, Succession, Surehead, 
Volga, Wisconsin All Seasons, and Wisconsin No. 8; red — Mammoth 
Rock Red (two selections), and Round Red Dutch. 

As compared with certain other crucifer viruses which occur in 
California (J5, id, iP), the cabbage black ring virus has a more cosmo- 
politan host range, as shown in table 1. In the family Cruciferae, 
nine species of Brassica, two species of Matthiola, and seven other 
genera showed systemic infection. The symptoms obtained on cer- 
tain crucifers are shown in figures 4 and 5. 

Infection was also obtained on plants representing 16 genera and 
19 species in 11 additional families, as shown in table 1. Symptoms 
produced on certain of these hosts are shown in figures 4 and 6. 

The virus was recovered from all infected plants with the exception 
of rhubarb, lambsquarters, sowbane, and spinach. No vahd reason 


E. 0. Es^g, as noninfective cabbage and green peach aphids, were kindly sup- 
of^^liitoraia ^ and Dr. J . H. Preitag, Division of Entomology and Parasitology, University 
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can be assigned for failure to recover the virus 
either cabbage or Turkish tobacco. 


Figuke 4. — Symptoms produced by the black ring virus on certain liost plants 
after mechanical inoculation in the greenhouse at 13° to 19° C. on: A, Chinese 
cabbage or pe-tsal; Bj Bloomsdale spinach; C, Chinese radish; D, Purple Top 
White Globe turnip. 
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Figure 6. — Symptoms produced by the black ring virus on species of Nicotiaiia 
after mechanical inoculation in the greenhouse at 13° to 19° C. : Ay Local lesions 
on N. tahacum var. Turkish; var. White Burley; C, N* glutinosa. 


Table 1. — Plants susceptible to the cabbage black ring virus, as indicated by 
mechanical inoculation of greenhouse-grown seedlings, and symptoms charac- 
tej'istic of infection 


Family 

Species and common name 

Symptoms produced 


Brassica oleracea L. var. acephala DC, 
(kale) . 

B. oleracea L. var. gemmifera BO. (Brus- 
sels sprouts) . 

Systemic. Chlorotic rings. Later, tan, 
necrotic, irregular-shaped lesions. 
Systemic. Chlorotic rings which later 
become necrotic. 


B. oleracea L. var. botrytis L. (cauli- 
flower— var . February) . 

B. oleracea L. var. botrytis L. (asparagus 
or sprouting broccoli— var. Italian 
Green Sprouting) . 

Systemic. Chlorotic rings with marked 
leaf chlorosis in later stages of infection. 
Systemic. Chlorotic rings which later be- 
come necrotic. 

Cruc'ferae. 

B. oleracea L.y&r. caulorapa DC. (kohl- 
rabi— var. Early White Vienna). 

Bipe-tsai Bailey (pe-tsai) 

B. napus L. (rape) 

B, campestris L. var. napobrassica DC. 
(rutabaga). 

B. rapa L. (turnip— var. Purple Top 
White Globe). 

B^juncea Goss, (leaf mustard) 

B. alba (L.) Boiss. (white mustard). 

Do. 

Do. 

Systemic. Chlorotic rings. 

Do. 

Systemic. Chlorotic rings which later be- 
come necrotic. The necrotic lesions are 
largely confined to the older leaves. 

Systemic. Chlorotic rings. 

Systemic. Chlorotic rings confined to in- 
oculated leaves, with vein clearing on 
new, inner leaves. 


,4^ -f 


938 


Journal of Agricultural Research 


Vol. 57, Ko. 12 


T\ble 1.— Plants susceptible to the cabbage black ring virus, as indicated by 
‘■mechanical inoculation of greenhouse-grown seedlings, and symptoms charac- 
teristic of infection — Continued 


FamOs’’ 


Cnieiferne. 


Begoniaceae 

Boraginaeeae 

CaryopbylIaceae-_ 


C henopod iaeeae .. . . 


Compositae__ 


Dipsacamie 

Papaveraoeae_ 

Polygonaceae — 

Resedaceae 

Solanaceae 


Verbenaceas-- 


Species and common name 


B. adpresm Boiss. 

B.arvensis (L.) Ktze. (charlock) 


Capsdla bursa-pasioris (L.) Medic, 
(Shepherdspurse) . 

Cheiranthus cheiri L. (wallflower) 

MatthiolabkornkTiC. (evening scented 
stock). 

M. incana R. Br. (Brompton stock) 

M. imana R. Br. var. annua Voss (an- 
nual stock). 

Hesperis matronalis L. (dames violet)... 


Malcomia maritima R. Br. (Virginian 
stock) . 

Eadicida 7iasfurtium-aquaticum Brit. & 
Rend, (w’ater cress) . 

Lunaria annua L. (honesty) 

Raphanus satirus L. var. longipinnatus 
Bailey (Chinese radish). 

Begonia sernperflorens Link and Otto 
(fibrous-rooted begonia) . 

Myosotis aipestris Schmidt (forget-me- 
not). 

Stellaria media (L.) Cyrill (chickw-eed) .. 

fOhenopodium album L. (lambsquarters 
or white pigw’eed). 


C. murale L. (sowbane or nettle-leaf 
goosefoot). 

Spinada oleracea L. (.spinach— var. 

. Bloomsdale) 

iCkrysanihemum coronarium L. (annual 

! marguerite). 

\ Dimorpkotheca auraniiaca DC. (winter 
Cape-marigold). 

Senecio cruentus DC. (hybrid cineraria). I 

Zinnia elegan Jacq. (zinnia or youth- 
and-old-age) . 

Scabiosa atropurpurea L. (mourning 
bride or pincushion flow^er) . 

Ptiparer nudicaule L. (Iceland poppy)... 


Rheum rhaponikum L. (rhubarb) 

I Reseda odorata L. (mignonette)... 
i J Nkotkma glutinosa L._. 


iV. langsdorffii Weinm 

N. tabacum I/, (tobacco— var. Turkish) .. 

var. White Burley 

, Petunia hybrida Hort. (petunia) ... 

Verbena hybrida Voss (garden verbena)... 


Symptoms produced 


Systemic. Chlorotic rings. 

Systemic. Chlorotic rings which later be- 
come necrotic. Infection caused early 
death of plants. 

Systemic. Chlorotic rings and downward 
curling of leaf. 

Systemic. Chlorotic rings, with some 
fusion. 

Systemic. A bleaching type of mottling. 

Systemic. Chlorotic rings, coarse vein 
clearing, and some leaf distortion. 

Systemic mottling causing rapid bleaching 
of leaf and leaving small, dark-green 
islands. Breaking of flowers occurred. 

Systemic. Vein clearing of young, inner 
leaves followred by development of chlo- 
rotic and necrotic lesions. 

Systemic. Mottling and resetting of new 
growth. 

Systemic. Chlorotic rings. 

Systemic. Mottling and bronzing of leaf, 
with vein necrosis. 

Systemic. Chlorotic rings. 

Do. 

Systemic. Chlorotic and necrotic lesions 
on leaves and petioles. 

Systemic. Chlorotic rings and mottling. 

Systemic. Chlorotic to yellow rings Ho 
*inch in diameter which later enlarge to 
yi6 inch. The pale to yellow centers 
surrounded by narrow, chlorotic band 
or halo. 

Systemic. Chlorotic rings w^hich later turn 
yellow with a green edge. 

Systemic. Chlorotic rings which later 
turn a bright yellow and fuse, giving the 
leaf a yellowed appearance. 

Systemic. Vein clearing. 

Systemic. Chlorotic rings become necrotic 
around the edges. 

Systemic. V^ein necrosis and chlorosis of 
young, inner leaves. 

Systemic. Vein clearing. 

Systemic. Vein clearing. 

Systemic. Leaves mottled and containing 
necrotic lesions surrounded by chlorotic 
halos. Necrotic streaks on petioles. 

Systemic. Chlorotic rings. 

Do. 

Systemic. Chlorotic rings at first, followed 
by necrotic lesions which appeared on 
older, outer leaves only. 

Systemic. Mottling and tan, necrotic 
lesions. 

Local, tan necrotic lesions on inoculated 
leaves only. Not systemic. 

Chlorotic rings with necrotic centers on 
inoculated leaves only. Not systemic. 

Systemic. Chlorotic rings. Curling and 
puckering of leaves and stunting of plant. 

Systemic, Chlorotic rings with necrosis 
of veins and midrib. 


No infection was obtained on other plants representing 26 families, 
49 genera, and 53 species, as follows: 

Boraginaeeae: 

Alkmet (Anchusa officinalis hi) 

Common heliotrope (Heliotmpinm peruvianum lj.) 
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Campanulaceae: Canterbury-bells (Catnpanula medium L.) 

Caryophyllaceae : 

Sweet-william (Dianihus barbatus L.) 

Bab^’^sbreath {Gypsophila paniculata L.) 

Chenopodiaceae: 

Sugar beet (Beta vulgaris L.) 

Swiss chard (B, vulgaris var. cicla Moq.) 

Coinpositae: 

Head lettuce (Laciuca saliva L. var. capitata Hort.) var. New York and Tom 
Thumb 

Dandelion (Taraxacum officinale Weber) 

Transvaal daisy (Gerber a jamesonii Hook. var. iransvaalensis Hort.) 

Shasta daisy (Chrysanthemum maximum Ram.) 

Dahlia sp. 

China-aster (Callistephus chinensis Nees) var. Giant Branching White, wilt 
resistant 

English daisy (Beilis perennis L.) 

French marigold (Tageies patula L.) 

Gaillardia pulchella Foug. var. picia Gray 
Convolvulaceae: Morning-glory (Ipomoea purpurea Roih) 

Cruciferae: 

Brassica integrifolia 0. E. Schulz var. chevalieri R. Porteres 
Rockcress (Arabis alhida Stev.) 

Goldentuft (Alyssum saxatile L.) 

Radish (Raphanus sativiis L.) var. White Icicle 
Cucurbitaceae: Cucumber (Cucumis sativus L.) 

Euphorbiaceae: Castor-bean (Ricinus communis L.) 

Geraniaceae: Storksbill (Pelargonium zonale Willd.) 

Gramineae: 

Corn (Zea mays L.) var. Golden Bantam 
Oat (Avena saliva L.) 

Labiatae: 

Flowering sage (Salvia farinacea Benth.) 

Bugleweed (Ajuga replans L. var. rubra Hort.) 

Leguminosae: 

Garden pea (Pisum sativum L.) var. Alderman 
Broadbean (Vida faba L.) 

Alfalfa (Medicago ' saliva L.) var. Arabian, Baltic, California Common, Cos- 
sack, Grimm, Hardistan, Hemet, and Modoc 
Lobeliaceae: Lobelia (Lobelia hybrida Hort.) 

Malvaceae: 

Cheeseweed (Malva parviflora L.) 

Hollyhock (Althaea rosea Cav.) 

Onagraceae: 

Clarkia elegans Dough 
Godetia g^'andiflora JjindL 

Papaveraceae: Oriental poppy (PapayeroneatoZe L.) 

Plumbaginaceae: Everlasting or sea-lavender (Statice latifoUum Kimtze) 
Ranunculaceae: 

Rocket larkspur (Delphinium ajacisL.) 

Hybrid delphinium (D. cultorum Voss) 

Rosacea: Geum chiloense Balb. 

Scrophulariaceae : 

Snapdragon (Antirrhinum majus L.) 

Pentstemon or beardtongiie Nutt.) 

Solanaceae: 

Solanum aviculare Forst. 

Potato (S. tuberosum L.) 

Eggplant (B. melongena L. var. esculentum Nees) 

Tomato (Ly coper sicum esculentum Mill. var. vulgar e Bailey) var. Early Santa 
Clara Canner 

Currant tomato (L, am Dunal) 

Nicotiana rustica L. var. humulis Schrank 
Jimsonweed (Datura stramonium L.) 

Tropaeolaceae: Garden nasturtium (Tropa^oZam maias L.) 

IJmbelliferae: Celery (Apiam gratJeoieas L.) var. Golden Self Blanching 
Valerianaceae: Garden heliotrope (VaZenaaa L.) 

Pfl.TiRv fTToZa ZncoZor L.) 
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PROPERTIES OF THE VIRUS 

Three properties of the black ring virus of cabbage were studied, as 
shown in table 2. The virus vras infectious after being stored for 48 
lioiirs at 22° C. but was inactivated after 72 hours. Of 25 cabbage 
plants inoculated with virus extract heated for 10 minutes at 57°, only 
1 plant became infected. No infection resulted from inoculations 
with Tiriis extract heated at 59°. It is concluded, therefore, that the 
inactivation temperature lies between 57° and 59°. The virus has a 
clilution tolerance of approximately 1 to 700, beyond which infection 
did not occur. 

In their studies of the properties of a cabbage^ mosaic virus in 
Wisconsin, Larson and Walker (7) reported inactivation at 55° C. for a 
10-minute exposure. A dilution of 1 to 1,000 and storage for 2 days 
at 20° to 22° did not inactivate the virus. 

Table 2. — LongeviUj in vitro, inactivation tempej'ature, and tolerance to dilution of 
the cabbage black ring virus 

[Fi ve trials made with 25 plants each in all instances] 

LONGEVITY IN VITRO, 22° C. 


Aged 

(hours) 

i 

Plants f 
infected j 

Aged 

(hours) 

Plants 

infected 

Aged 

(hours) 

Plants 

infected 

Aged 

(hours) 

Plants 

infected 

0 .... „.J 

Number j 
25 j 

■8 

Number 

13 

48.. 

Number 

4 


Number 

0 

0 

4 i 

! 20 1 

1 24. 

39 

72 

0 

120 

j 

1 I' 






INACTIVATION TEMPERATURE (10 MINUTES) 


Tern{>era- 
ture rC.) 

Plants 

infected 

Tempera- 
ture (°C.} 

Plants 

infected 

Tempera- 
ture (°C.) 

Plants 

infected 

Tempera- 
ture (°C.) 

Plants 

infected 

Not heated.. 
50 1 

Number 

1 . 25 

1 23, 

55 

Nmnher 

15 

1 

59--. 

Number 

0 

! ^ 

65 

N'lmbcr 

0 

0 

57- 

60. 

70 ! 

" 






TOLERANCE TO DILUTION 


Dilution 

' Plants 
infected 

Dilution 

Plants 

infected 

Dilution 

Plants 

infected 

Dilution 

Plants 

infected 

0 ...., 

Number 

20 

1:50... 

Number 

4 

1:500 

Number 

1 

1:2,000 

Number 

0 

Lit).,. 

14 

1:100 

5 

1:700 

3 


1:25,,.. 

8 

1:200 

4 

1:1,000 

0 




DESCRIPTION OF THE BLACK RING VIRUS OF CABBAGE 

Transmissible by mechanical inoculation with expressed juice and powdered 
carborundum at temperatures of 13° to 19° C, _ Transmitted in greenhouse tests 
Iw means of cabbage aphid (Brevicoryne brassicae (L.)) and green peach aphid 
(Myzns persicae (Siilzer)). Incubation period 9 to 21 days. Resistance to aging 
in vitro between 48 and 72 hours. Inactivation temperature at or near 59° C. 
for lO-mimite exposure. Tolerance to dilution approximately 1 to 700. Cabbage 
(Brassica oleracra L. var. capitata L.) and numerous other vegetable and orna- 
mental crucifers susceptible. On cabbage, symptoms consist of numerous chlorot- 
ic rings, some becoming necrotic with age. Occasionally necrotic streaking of 
veins. In the field, symptoms are conspicuous only on older leaves. 
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COMPARISON OF THE BLACK RING VIRUS WITH CERTAIN OTHER 

CRUCIFER VIRUSES 

The viruses of cauliflower mosaic {16), Chinese cabbage mosaic {19) 
turnip mosaic {17), mild and severe annual stock mosaic and 
radish mosaic ^ were tested simultaneously with the black ring virus 
in the greenhouse in parallel series of inoculations to various plants. 
For comparative purposes, the more important symptom diflerences on 
certain diflterential hosts are presented. 

On Winter Colma cabbage, the cauliflower mosaic virus {16, fig, 3, 
C) causes vein clearing; the Chinese cabbage mosaic virus {19, fig. 2, 
G), coarse, yellowish, vein banding; the turnip mosaic virus {16, fig. 
5, A; 17, fig. 2), chlorotic rings with necrotic edges; and the radish 
mosaic virus, large chlorotic rings, some of which later become ne- 
crotic, but difier in color, size, and shape from those produced by the 
black ring virus. No infection of cabbage was obtained with either 
the mild or the severe mosaic virus of annual stock. 

On February cauliflower, the cauliflower mosaic virus caused vein 
clearing, followed by vein banding and necrotic spotting {16, fig. 1, 
A, B, G) ; the Chinese cabbage mosaic virus, scattered chlorotic rings 
with dark-green centers {19, fig. 2, B); the turnip mosaic virus, pale- 
green to yellow lesions {17, fig. 5, B); and the radish mosaic virus, 
diffuse chlorotic lesions. No infection of cauliflower was obtained 
with either the mild or the severe mosaic virus of annual stock. 

On Chinese cabbage, or pe-tsai, the black ring virus, as already 
shown, caused chlorotic rings, some of which later became necrotic. 
The cauliflower mosaic virus { 16 ) caused vein clearing; the Chinese 
cabbage mosaic virus {19, fig. 1, A, B, G), vein clearing and mottling; 
the turnip mosaic virus {17), coarse yellow vein banding and leaf 
distortion; the mild mosaic virus of annual stock, a fine to medium 
type of mottling; and the radish mosaic virus, chlorotic and necrotic 
lesions and vein necrosis on inoculated leaves only. The severe mo- 
saic virus of annual stock did not cause infection. 

On Purple Top White Globe turnip, the black ring virus induced 
chlorotic rings, some of which were necrotic. The cauliflower mosaic 
virus {16) caused vein clearing; the Chinese cabbage mosaic virus 
{19), a fine type of vein clearing and mottling; the turnip mosaic 
virus, vein clearing followed by mottling with raised islands, crinkling, 
and stunting of plants; the mild and severe mosaic viruses of annual 
stock, a fine to medium type of mottling; and the radish mosaic virus, 
mottling with severe distortion of leaves. 

Numerous unsuccessful attempts were made to infect Wliite Icicle 
radish with the black ring virus. Paralleling this is the fact that the 
turnip {17) and severe annual stock mosaic viruses do not infect 
radish. On the other hand, the cauliflower mosaic virus {16) caused 
vein clearing; the Chinese cabbage mosaic virus {19, fig. 2, ( 7 ), vein 
clearing and mottling; the mild mosaic virus of annual stock, a fine to 
medium type of mottling; and the radish mosaic virus, coarse mottling 
and raised dark-green islands on a chlorotic to yellow backgroiind. 

The black ring virus caused mottling of the leaves and flower break- 
ing on Fiery Blood Red annual stock; the cauliflower mosaic virus 
{16, fig. 4, A, B, G), coarse vein clearing but no flower breaking; the 
Chinese cabbage mosaic virus {19), mottling of leaves and flower 

7 The mild and severe mosaic diseases of annual stock and a mosaic disease of radish are fully descTibed in 
papers now in press. 
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breaking; the turnip mosaic virus {17), coarse vein clearing, diffuse 
mottling, and flower breaking; the mild annual stock mosaic virus, a 
fine tjpe of mottling and flower breaking; and the severe mosaic virus 
of amiiia! stock, very coarse, conspicuous leaf mottling and flower 
breaking. No infection was obtained with the radish mosaic virus. 

SUMMARY 

A virus disease of cabbage, cauliflower, and other cultivated cruci- 
fers, designated as black ring, is described in this paper. 

The disease occurs chiefly in the cool, coastal valleys of California 
during the vdnter months and is uncommon in the summer. 

The disease causes marked damage to the older, outer leaves. It is 
eliaracterized by chlorotic lesions, many of which become partially or 
entirely necrotic with age. The symptoms are most conspicuous on 
the under surface of the leaf. 

Under greenhouse conditions, the black ring virus has been trans- 
mitted to healthy cabbage plants by means of the cabbage and green 
peach aphids. It is also readily transmissible by juice inoculations 
with powdered carborundum. 

The inactivation temperature of the virus lies between 57^^ and 59^ 
C. The virus withstands aging in vitro at 22^ C. for 48 hours, and has 
a tolerance to dilution of 1 to 700. 

All tested varieties of cabbage proved susceptible. 

In the family Cruciferae, systemic infection was obtained on kale, 
Brussels sprouts, sprouting broccoli, kohhabi, turnip, pe-tsai, char- 
lock, dames violet, cauliflower, rape, rutabaga, leaf or Chinese mus- 
tard, white mustard, Brassica aclpressa, shepherdspurse, wallflower, 
Brompton stock, water cress, Chinese radish, evening scented stock, 
annual stock, and honesty. 

Infection was also obtained on plants representing 11 additional 
families, as follows: Rhubarb, lambsquarters, sowbane, spinach, 
chickweed, mignonette, fibrous-rooted begonia, garden verbena, 
petunia, Iceland poppy, Nicotiana glutmosa, N. langsdorffii, N. taha- 
cum, mournmg bride, annual marguerite, zinnia, winter Cape-mari- 
gold, cineraria, and forget-me-not. 
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SOIL-FERTILITY STANDARDS FOR GROWING NORTHERN 
CONIFERS IN FOREST NURSERIES ^ 


By S. A. Wilde 2 

Associate prof essor of soils, Wisconsm Agricultural Experiment Station, and senior 
assistant forester, Wisconsin Conservation Department 

INTRODUCTION 

In nursery management, the state of soil fertility is one of the most 
important factors that affect the development of seedlings. A defi- 
ciency of_ any of the essential nutrients or an unbalanced ratio has a 
far-reaching influence on the entire process of metabolism. The ill 
effects of malnutrition are reflected in abnormal size and color of 
leaves, inadequate root systems, unbalanced top-root ratio, thin cell 
walls and porous structure of wood tissue, underdeveloped nuclei in 
the parenchymatic cells, and other anatomical and physiological 
abnormalities (. 4 ? 8, 9)S Ultimately, all of these ailments result in a 

decreased resistance of seedlings to drought, frost, and infectious 
diseases. 

CONTENT OP NUTRIENTS AND ASSOCIATED CONDITIONS IN 
VIRGIN FOREST SOILS 

Recently cleared but not burned-over forest land, which previously 
supported a mature or nearly mature stand of satisfactory growth, 
when used as a nursery site, always produces at least one crop of 
vigorous seedlings of the same species that originally grew on the area. 
This is common knowledge acquired from many years of experience, 
particularly with temporary nurseries in Europe. Consequently, the 
nutrient content of productive forest soils is a satisfactory criterion 
for establishing soil-fertility standards in forest nurseries. Based on 
this fact, a detailed study of the chemical properties of soils supporting 
normally developed stands of jack pine (F^n^6S lanksima Lamb.), 
red pine (F. resinosa Ait.), northern white pine (F. strobus L,), white 
spruce (Picea glauca (Moench) Voss), and balsam fir (Abies balsamea 
(L.) Mill.), and mixed stands of northern hardwoods (Acer saccharum 
Marsh., Tilia americana L., Betula lutea Michx. f., etc.,) has been 
carried out. The minimum age of the jack pine stands was 25 years 
and that of the other species 40 years. 

About 500 soil samples were collected from the following areas: 
Chippewa and Superior National Forests and Cloquet Experimental 
Forest in Minnesota; Chequamegon and Nicolet National Forests, 
the Wisconsin River Valley from Wisconsin Dells to Stevens Point, 
and Brule, Northern, and American Legion State Forests in Wiscon- 
sin: Ottawa, Hiawatha, and Huron National Forests, Manistee piir- 

1 Keceived for publication May 31, 1938. Issued February 1939. Contribution from tlie Soils Depart- 
ment, Wisconsin Agricultural Experiment Station, in cooperation with the Wisconsin Department of 
Conservation. The work w’as supported by Works Progress Administration funds. 

2 Credit is due S. F. Buran, senior chemist, who was engaged in laboratory analyses connected with this 
study. H. M. Gallow^ay and J. G. Cady assisted in field work, statistical treatment of the results, and 
preparation of the manuscript. 
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chase unit, and the Higgings Lake region in Michigan; Hoosier pur- 
chase unit in Indiana; Gardner purchase unit m hlissoun; and the 
Wayne purchase unit in Ohio. i . . 

The results of analyses for pH value {10), silt and clay fractions 
(2), base exchange capacity {3), total nitrogen {1), nitrates {6), 
ammonia (7), available phosphorus {11), available potassium {12), 
replaceable calcium, and replaceable magnesium {S) are given in 
tables 1,2, and 3. 


Table 1. — Silt, day, and organic-matter content and base-exchange properties of 
soils of various forest sites 


Site 

Silt. 0.C5- 
0,{X]5 mm 

Clay, less 
than 0.005 
mni 

Total 

fine 

sepa- 

rates 

Organic 
matter t 

Base-ex- 
change 
capacity 
per 100 g 

Total re- 
placeable 
bases 
per 100 g 

Base 

satura- 

tion 


Percent ' 

Percent 

Percent 

Percent 

Millri 
> equivalents 

Milli- 

equivalents 

Percent 


3.8±0.6 

LlrhO.l 

4.9 

1. 93 

1 2. ISrfcO. 2 

1.5 

68.8 

Jack pine 

7.44= .4 

2.0d: .2 ’ 

9.4 

3. 70 

4. SOgh . 2 

2.6 

60.5 

Red pine 

10.6d=1.3 ; 

3.4d= .9 i 

14.0 

4.68 

8.26=h .4 

4,3 

52.0 

White pine - 

12. 0d= . 9 : 

6. 4:fc . 8 i 

18.4 

5. 25 

9. 60± . 5 

6,7 

69.8 

White .spruce 

25.3±2.4 

28. 6d=l. 5 1 

53.9 

7. 19 

15. 10± . 9 

8.5 

56.3 

Hardwoods 

2S.8±2.1 i 

i 

24.4±1.S 1 

53,2 

6.85 ' 

16. 30± . 5 

i 

12.9 

79.1 


1 Approximate figures for ^‘loss on ignition,” arrived at largely on the basis of total nitrogen determina- 
tions. 


Table 2.-— Content of nitrate and ammonia nitrogen a7id its lylaiion to the content 
of total nitrogen in soils of different forest sites 


i 

Site 

! 

Medians for— 

Arithmetic means of— 

Total 

Relation 
of avail- 
able N 
to total 
N 

Approx- 

imate 

level 

of 

avail- 
able N 
per 
acre 

1 

i 

Nitrate 

N 

Ammo- 
nia N i 

Nitrate 

N 

Ammo- 
nia N 

Total 
avail- 
able N 


P.p.m. 

P. p. m. 

P. p. ni. 

P. p. m. 

P. p. m. 

P. p. m. 

Percent 

Pounds 

Barrens 

I Tr. 

Tr. 

0.8 

2.2 

3.0 i 

\ 430 

0. 69 

i 9 

Jack pine 

1 Tr. 

6 

2.3 

6.0 1 

8. 3 

! 1, 040 

.79 

20 

Red pine 

1 Tr. i 

11 

1.6 

9.9 1 

11.5 1 

i 1, 190 

.96 

29 

White pine 

Tr. , 

10 

2. 1 

11.8 

13.9 

! 1, 420 

.98 

35 

White spruce 

2 i 

24 

2.9 

19.0 i 

21.9 

1 2, 570 

.85 

44 

Hardwoods 

1 10 

Tr. 

11,5 

5.7 

17.2 

i 2, 210 

1 

.78 

35 


Table Z.—EeacHon and content of nutrients in soils of different forest sites 


■ Site 

Reaction 

Total N 

Available 
P 2 O 5 per 
acre 

Available 
i K 2 O per 
[ acre 

i 

i Replace- 
able Ca 
per 100 g 

Replace- 
able Mg 
per 100 g 

Barren.s 

pH 

6.30±:0. 12 
5.60d= .07 
5. ZZdz . 11 
5. 40d= . 10 
5.19db .09 
6.07=fc .07 

Percent 
0.043±0.005 
.104=b .003 
.H9d= .004 
.142± .005 
.257d= .010 
.221d= .015 

Pounds 

25. 8± 2. 5 
37. 5± 6. 3 
43, 9± 2.7 
82. 8± 9.6 
98. 3± 9.9 
175.8±13. 1 

66. 9d= 9. 5 
92. 0=b 7. 24 
152. 8±10. 2 
192.0=fcll.0 
287.4d=13.3 
30L7d=20.6 

Milli- 

eguivalents 

l.l=b0.2 

1. 9± . 1 
3.2=t .2 
5.0±.4 

6. 1± , 7 i 
10.3d= .8 I 
1 

Milli- 
equivalents 
0. 3±0.1 
. 6± . 1 
. 9± . 1 
1.4d= .2 
2. 1± . 2 
2. 4± . 1 

Jack pine-.. 

Red pine 

White pine ... 

White spruce 

Harciw(K)ds ^ 



The mean values presented in these tables were derived from 30 to 
40 single figures expressing the fertility of the upper S-inch layer of the 
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soil profile. These figures for individual soil profiles were obtained by 
the analysis of soil samples collected from the separate soil horizonSj 
such as litter (Aqo), dufl: (Ap); humic layer (Ai)^ and leached podsolic 
layer (A 2 ). The average thickness of each horizon,, its volume weight, 
and its content of nutrients were considered in computing the total 
fertility of each 8 -inch layer. An example will illustrate the method 
employed. A layer of litter and duff 2 inches in thickness contains 
300 p. p. m. of available phosphorus pentoxide, whereas the 6 -inch 
layer of mineral soil underlying the duff contains 40 p. p, m. of phos- 
phorus pentoxide. The weight per acre of 2 -inch duff and 6 -inch loam 
layers is 240,000 and 2 , 000,000 pounds, respectively. Thus, the con- 
tent of phosphorus pentoxide in the duff layer is 240,000X0.0003, or 
72 pounds, whereas the content of the same constituent in mineral soil 
is 2,000,000X0.00004, or 80 pounds. Hence, the total amount of 
available P 2 O 5 in a soil layer 8 inches deep is 72 + 80 or 152 pounds per 
acre, or per 2,240,000 pounds of soil. This corresponds to 152X 
1,000,000^2,240,000, or 67 p. p. m. This is the content of phosphorus 
pentoxide which will be found in the top 8 inches of nursery soil after 
the analyzed layers have been mixed by plowing and disking or by 
rototilling. 

The analysis of soil was not extended beyond a depth of 8 inches 
since the soil at greater depths does not affect the nutrition of young 
seedlings in the nursery. The standard deviations for establishing 
standard errors were calculated by dividing the sum of squared devia- 
tions by 71-1. The data for available nitrogen given in table 2 cannot 
be regarded as having more than a relative value, since the amounts of 
ammonia and nitrates vary greatly with the season and other condi- 
tions. Because of this variability, medians, as well as arithmetic 
means, are reported for these two factors. 

Table 4 presents in round numbers the approximate desirable levels 
or ranges of different soil factors, which, with the qualifications dis- 
cussed below, may serve as standards in the maintenance of nursery 
soil fertility. The use of these standards has been tested with satis- 
factory results in about 30 Federal, State, and private forest nurseries 
located in Wisconsin and several neighboring States. 

The barren soils were analyzed simply in order to determine the 
lowest level of soil fertility. The study of hardwood soils was not con- 
fined to any particular species, and requires additional analyses. 
Consequent^, no data for these two sites are given in table 4, 


Table 4. — Sta7idards of fertility fo)' nursery blocks raising different species of trees 


Species 

Reac- 

tion 

Base-ex- 
change 
capacity 
per 100 g 

Total 

N 

Approx- 
imate 
level of 
avail- 
able N 
per acre 

Avail- 
able 
P 2 O 5 
per acre 

Avail- 
able 
K 2 O per 
acre 

Reiilace- 
able Ca 
per acre 

Replace- 
able Hg 
per acre 

Jack pine 

Red pine - 

White pine 

White spruce 

pH 

5.6 

5.4 

5.4 

5.2 

Miin 
equivi- \ 
tents 1 

5.0 

8.0 
10.0 
15.0 

Percent 
0. 10 
.12 
.14 
.25 

Pounds 
' 20 
30 
35 
45 

Pounds 

40 

50 

80 

100 

Pounds 
100 
150 
290 : 
1 . 275 

Pounds 

1.000 1 

1,500 ^ 
2,600 j 

3. 000 

Pounds 

150 

3fX) 

459 

ecK) 
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The tjpological iiiYestigations in Europe, as well as greenhouse 
studies at this Station, have indicated that the standards established 
for red pine and white spruce may be safely applied to Scotch pine 
(Pimm sykestris L.) and Norway spruce (Picea excelsa Link). 

PRINCIPLES OF NURSERY SOIL IMPROVEMENT 

Ordinarily, soil improvement mvolves a period of several years and 
follows a definitely outlined program. Only a few nurseries may be 
brought to a satisfactory level of fertility^ by means of a single ap- 
plication of fertilizer and absorbing materials. The time element is 
particularh' important wdien a nursery soil has a low content of ex- 
change material and total nitrogen, or considerable deviation of pH 
value from the desired state. In many instances even the correction 
of potassium and phosphoims deficiency may require a period of 
several years. 

In oullining a soil-improvement program it is important to keep 
two conditions in mind. The first is the undesirability of introducing 
large quantities of raw organic remains and mineral fertilizers, for 
such introduction may bring about a deficiency of available nitrogen 
and a toxicity of soil solution due to a high concentration of salts. 
On the other hand, undue delay in attaining full productive capacity 
of the nursery soil may result in financial losses caused by waste of 
unabsorbed fertilizers and may lead to production of underdeveloped 
stock. Therefore, expert judgment is necessary in determining the 
time needed to complete the soil-building program. 

It is important to realize that the nutrient requirements of seed- 
lings cannot be satisfied by a purely arithmetic balance between the 
mineral constituents of fertilizers and their consumption by stock, 
but only through complex physiochemical and biological processes. 
The growth of seedlings in a soil containing unabsorbed fertilizer 
salts is different from the growth in medium in which the salts have 
become incorporated into organic matter by means of chemical and 
biological reactions. In the first case, the nutrient medium is char- 
acterized by equal amounts of cations and anions, great periodic 
changes in concentration of soil solution due to fluctuations of soil 
moisture, and a number of other conditions which are not favorable 
to the normal nutrition of forest trees. In the second case, most of 
the nutrients are present as complex organic compounds, and the 
absorbed cations predominate in the soil since the anions are largely 
eliminated by leaching. It is evident, therefore, that the soil-build- 
ing process is not completed merely by the addition of a certain 
amount of peat and mineral fertilizers, but only when these materials 
have undergone a certain period of “composting’' and have become 
incorporated with the soil through microbiological activity and 
exchange reactions. 


GENERAL DIRECTIONS FOR ADJUSTMENT OF SOIL CONDITIONS 

The adjustment of pH value of soil has recently received consider- 
able attention in both agricultural and phy topathological literature. 

The correction of colloid content, base exchange capacity, and 
total nitrogen lias been previously outlined V (I g, id). 


FERTU.ITY IN CONIFEROUS NURSERIES. Wis. State Conserv. 
Dtp . in ( ocp. with W IS. Agr. Col. T^h. Notes 19, 9 pp. 1937. |Mimeographed,] 
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Under favorable conditions of nursery soil^ the activity of niicro- 
organisms provides a sufficient amount of available nitrogen by con- 
verting protein compounds into ammonia and nitrates. The usual 
content of nitrate and ammonia nitrogen together in a nursery soil 
amounts to about 1 percent of the total nitrogen^ (^), i. e., about 
40 pounds per acre, if nursery soil contains 0.2 percent of total nitro- 
gen. Under such well-balanced conditions there is no need to apply 
available nitrogen in the form of commercial fertilizers. In many 
instances, however, the amount of available nitrogen released by soil 
organisms may not be sufficient for seedling growth. This may be 
due to crowded seedbeds, the presence of raw organic matter high in 
carbon, or soil unfavorable for microbiological activity. The last- 
named condition may be expected particularly in nursery soils which 
have been disinfected with toxic substances. In such cases, the 
content of available nitrogen should be increased by the application 
of ammonia or nitrate fertilizers. 

There is at hand no simple procedure for the determination of the 
exact amount of mineral nitrogen fertilizer to apply, since this de- 
pends upon a great variety of factors. Fortunately, deficiency of 
nitrogen is readily manifested by discoloration of foliage, and con- 
. sequently the application of nitrogen fertilizers is usually dictated 
' by the appearance of the stock. A good rule to follow in nitrogen 
fertilization is to apply too little rather than too much of the salt. 
A deficiency may be corrected by a second application. An excess 
results in planting stock of reduced vigor. 

Table 5 gives the approximate range of annual applications of 
nitrogen salts in the form of ammonium sulphate which is likely to 
be required by difierent tree species. 


Table 5. — Approximate range (pounds per acre) of annual applications of ele- 
mental nitrogen or of nitrogen salt in the form of ammonium sulphate likely to he 
required by different tree species 


Forms of nitrogen 

Jack pine 

Norway 

pine 

White 

pine 

Spruce 

Elemental - 

Pounds 
per acre 
10-20 
50-100 

Pounds 
per acre 
20-40 
100-2CO 

Pounds 
per acre 
30-50 
150-200 

Pounds 
per acre 
40-60 
200-300 

20 percent ammonium sulphate., 



The analyses of the productive forest soils show that the nitrogen- 
phosphoric acid-potash ratio under natural conditions is about 1-2-5 
for all four coniferous species studied. Experience in the greenhouse, 
as well as in the nursery, indicated that the nitrogen content should 
not greatly exceed the ratio of 2-2-5, if vigorous, well-balanced plant- 
ing stock is to be produced. This means that in a soil with a phos- 
phoric acid content of 40 pounds and a potash content of 100 pounds 
per acre, the allowable maximum of available nitrogen is 40 poimds 
per acre. Further studies are under way to confirm the extent of 
applicability of this ratio under a wider range of conditions. 

The deficiency of phosphate, potash, and replaceable bases is cor- 
rected either through the application of organic remains or mineral 


4 Wilde, S. A. adjustment of soil FEaTiLiTY in coniferous nurseries. Wis. State Oonserv. Dept, 
in Coop, with Wis. Agr. Col. Tech. Notes 19, 9 pp. 1937. [Mimeographed.] 
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fertilizers. Tiie calculation of the necessary amount of fertilizing 
material to be applied is a matter of simple arithmetic. If, for ex- 
ample, a soil aiialyzes 30 pounds per acre of available phosphorus 
pentoxide and the "desired content is 80 pounds, the deficiency of 50 
poiincls may be corrected by an addition of about 100 pounds of 45- 
percent treble superphosphate or 250 pounds of 20-percent super- 
phosphate. 

The suitability of different fertilizers for nursery use, the technique 
of their application, and the nutrient content of a variety of natural 
organic remains have been previously reported^ ( 14 ? 16). 

DISCUSSION 


Although the relation of the chemical composition of soil to tree 
growth has received considerable attention during the past 50 years, 
very little reliable information has been obtained. In most of the 
earlier experiments a number of important conditions were overlooked 
or misinterpreted. The extracting solutions used in chemical analysis 
were usually too strong, and hence the available nutrients were not 
determined* No regard was paid to the distribution and availability 
of nutrients in different soil horizons. The reactions between the 
nutrient salts, colloids, and other soil constituents were not consid- 
ered. The studies dealt largely with a specific constituent and dis- 
regarded the influence of numerous other physical, chemical, and 
biological factors. The production of dry matter alone was studied, 
but the physiological and anatomical development of the seedlings 
was ignored. Particular attention was given to the production of 
luxuriant vegetative growth, but not necessarily to the development 
of vigorous seedlings resistant to diseases and unfavorable conditions 
of environment. As a result of this, until recently there has been 
little agreement among the leaders in silviculture on the problems of 
nursery-soil fertility and the use of fertilizers in general, or even on 
the role of single factors in seedling nutrition. Even in Germany, the 
country with the oldest silvicultural practice, the importance of 
nurseiy-soil fertilization has been fully recognized only during the 
past few years. The following translation of a few sentences from 
Dengler’s modern and generally accepted text on silviculture (d, 

shows the confusion that has existed in German nursery 

practice. 


The soils of forest nurseries, permanent nurseries in particular, are impoverished 
in mineral nutrients by forest seedlings and require regular application of ferti- 
lizers, as do agricultural soils. At least as much fertilizing material must be 
returned to the nursery soil as has been taken from the soil by the young plants. 
The earlier, often expressed idea that the planting stock for poorer sites should 
not be encouraged by fertilization, which has gone so far that the commercial 
nurseries were offering stunted seedlings as being especially well suited for reforest- 
ation of the poorer soils, is positively and absolutely false. 

The opposition to the use of fertilizers in forest nurseries was 
largely due to the fact that the results of fertilization were often 
confused with the results of unskilled fertilization, particularly fertili- 
zation with unbalanced or excessive nitrogen. Thus, past experience 
provides but little information on the problem of metabolism and 


* V ILDE, S. A. COMMESCUL FERTIUZBES, THE USE OF UQUID FEETILIZERS, AND FEEFARATION AND USE 
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correct use of fertilizers. The ‘'new deal” in seedling nutrition is in 
its infancy, and it may be several years before the information pre- 
sented ill recent literature can be clarified and erroneous conclusions 
discarded. Particularly is this true in regard to greenhouse and 
sample plot studies carried on in this country and abroad during the 
past few years. For this reason, it is believed that a determination 
of nutrients and associated growth factors in productive forest soils 
provides more reliable general standards for the maintenance of 
fertility in nursery soils than are obtained by empirical trials. 

SUMMARY 

The soils under productive stands of representative coniferous 
species {Pinus banksiana, P, resinosa, P. strobus, and Picea glauca) 
were analyzed for pH value, exchange capacity, total and available 
nitrogen, available phosphorus, available potash, and replaceable 
bases. By means of statistical treatment of the data obtained, 
standards for the maintenance of fertility in coniferous nursery soils 
were established. The analyses of virgin soils showed that the nitro- 
gen-phosphoric acid-potash ratio is about 1-2-5 for ail four coniferous 
species studied. Typological investigations in Europe and green- 
house studies at the University of Wisconsin have indicated that the 
standards established for Pinus resinosa and Picea glauca may be 
safely applied to Pinus syUestris and Picea excelsa, respectively. 

General directions for the adjustment of soil conditions are out- 
lined. 
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amino, in discoloring potatoes, study 435, 


436,439-440 

content of— 

potato leaf, after treatment with com- 
plete and incomplete fertilizers, study. 402-414 
roots of bearing pecan trees, seasonal 
variations. C. L. Smith and J. G: 

Waugh - 449-460 

roots of pecan tree, seasonal variation 458-457, 

459 

soils, effect of neutral salts of sodium and 

calcium. V. P. Sokoloff. 201-216 

fixing ability in Azotobacter, apparent in- 
duced loss. Charles R. Stumbo and 

P. L. Gainey. 217-227 

North Carolina, Willard, experiments with 
strawberry dwarf. 74-76, 77-80 


Nunseries, forest. See Forest nurseries. 
Nutrient-solution purification- 
applicability to study of traeerelement re- 
quirements of rhizobium and azotobac- 

ter, Robert A. Steinberg. 461-476 

effect on trace-element requirements of 

AspergUlm niger, tests 570-573 

Nutrients, digestible, in certain silages, hays, 
and mixed rations. F. W. Christensen 

and T. H. Hopper 477-512 

Nutrition — 

effect on development of Trichosporium 


eymbioticum and Spkaria anomala, tests. 768-769 
of lambs, effect of infestation with nema- 
tode Cooperia curtkei. John S. Andrews, 349-361 

Oak wood, moisture movement above fiber- 

saturation point, experiments 161-185 

Oats— 

inoculation for detection of growth sub- 
stance in development of crown 
experiments 2^33,35-^6 
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wild- 

feeding to livestock, experiments 477-481 

483, 501, 503-506, 51 i 

varieties, germination tests, 59-60, 62, 63, 66 

See also Avena. 

Orchard grass, infection by Mastigosporium 

calvum comb, nov., symptoms 290-291 

Organic- 


acids, casein in salts of, solubility and 
fractionation! by means of these acids. 

Ralph H. McKee and Stephen H. 

Gould - 125-143 

matter in soils, conservation, effect of 

neutral salts, experiments.. 201-215 

Orton, C. R., and Hill, L. M.: Micro- 
chemical Studies of Potato Tubers Affected 

With Blue Stem Disease 387-392 

Oven temperatures, effect on press fluid, 
shear force, and cooking losses during 
wasting of beef and pork muscle, deter- 
mination 865-871 

Oxidase activity in crown galls and contigu- 
ous tissue of tomato, sugar beet, and red 

raspberry 549, 552, 553 

Oxygen, influence on lactic acid production 
by Rhizopus 887-890, 895-896 

Palm, date. Ofic Date palm. 

Parasite-host relations in red clover plants 
resistant and susceptible to powdery mil- 
dew, Oliver F. Smith-. 671-682 

Pea aphid “ 
alate— 

and apterous, quantitative chemical 


analyses.- 832-835 

progeny, maximum production and con- 

• ditions inducing it.. 828-830 
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. of digestive tract.... 835-836 
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ing. 836-838 
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eny 831-832, 838-839 

wing- 
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producing.. Carl W. Schaefer 825-841 

Peach aphid, green, transmission of mosaic 

virus 593-594 

Peanut- 

composition and development^ effects of 
certain environmental factors, prelimi- 
nary biochemical studies. Samuel L. 

Jodidi— - - - - 301-311 

kernels, chemical analyses 304-309 

shells, chemical analyses 304-309 

strains, growing at Holland, Va., on experi- 
mental plots, studies-- — 302-303 

Peanuts— 

acid-hydrolyzable polysaccharides, estima- 
tion^ 308-309 

ash content, analyses,, 304-305 

carbohydrate content, analyses. 308,309 

crude fiber content, determinations- 307 

ether-extraction studies — 305-306 

nitrogen and protein content, analyses-., 306-307 
Pecan trees, roots, carbohydrate and nitro- 
gen content, seasonal variations. C. L. 

Smith and J. G. Waugh. .. 449-460 
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tion, potato growing for foliar diagnosis, 

experiments _ . . 39 7-414 

Peroxidase activity in crown galls and con- 
tiguous tissue of tomato, sugar beet, and 

raspberry 549, 552,553 

Peterson, W. H., Nagy, R., and Riker, A. 

J.: Some Physiological Studies of Crown ■ 

Gall and Contiguous Tissue.--.... 545-555 

Phaseolus pobjstachyus, flowering, inhibi- 


tion, effect of length of day, experiments. 775-776,. 

779-780,784-786,787,788 

Phoenix dactylif era— 

infected with Fusarium moniliforme, path- 
ologic histology - 316 
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studies 315-316 

See also Date palm. 

Phoma meliloU, relation to Stagonospora 

melLioHi 808 

Phosphate rocks, defiuorinated, boron in, 
determination and occurrence. Lewis F. 

Rader, Jr., and W. L. Hill 901-916 

Phosphates, natural, boron in, deterniina-. 
tion and occurrence, Lewis F. Rader, Jr., 

and W. L. Hill 901-916 

Phosphoric acid content of potato leaf after 
treatment with complete and imeonplete 

. fertilizers, study 402-414 

Photoelectric sorter— 

for cotton fibers, description 43-45 

for length measurements of fibers of seed 

cotton. Burt Johnson 41-56 

Phytonionas tumefaciens, cause of crown 

'gall-...,.- 21,36,546 

Pine— 

ponderosa type of California, rate of spread 
of surface fires. John R. Gurry and 

Wallace L. Fons 239-267 

red, wood, moisture movement above fiber . 

saturation point, experiments 161-185 
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timber surveys, sampling error 715-735 

variability, analysis 718-735 
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damage by blister rust infection, studiess, 558-568 
infeccion by blister rust, relation to dam- • 

age in individual trees 561-564 

tree size, effect on liability to blister rust 

infection and damage.--.: 564-565 
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able damage by blister rust in, studies. 
Thomas W. Childs and J. W. Kim- 

mey 557-568 
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spp., soil-fertility standards for growing,- 945-951 
spp. See also under specific name. 

Plant growth substance— 

and development of crown gall 21-37 

effect on tissue inoculated with attenuated 

strain of Phytomonas tumefaciens 33-35 
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cyanogenotic— 

preservation for chemical analysis. 
Reinhold R. Briese and James F. 

Couch 81-107 

specimens, preparation and preservation 

methods 83-84 

flowering in, complete or partial inhibition 
of, when days are too short or too long. 

H. A. Allard - 775-789 

hydrocyanic acid formation and preserva- 
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in storage, bacterial decomposition 82 

inoculated with crown gall bacteria, re- 
sponses suggesting presence of growth 

substance 23-32 

susceptible to black ring virus, annotated 

list- - 937-939 

Polyembryony in cotton, cytological study. 155-159 
Polyporaceae, wood-destroying, reactions on 

gallic and tannic media 687-689,693-695 

Pork, muscles, roasted, exterior temperature, 
effect upon press fluid, shear force, and 
cooking losses. Alice M. Child and Mary 

J. Satorius. 865-871 

Potash content of potato leaf after treatment 
with complete and incomplete fertilizers, 

sfcudy..^ - 402-414 

Potassium- 

chloride, treatment of potato plants, ef- 
fects, foliar diagnosis 398-414 

fluoride, feeding to grasshoppers, results. 426,427- 

428 

nitrate, effect on growth and i^hysiological 
alteration of Azotobacter chTodcoccum, 

experiments.. 217-227 

thiocyanate solutions, solubility of casein 

in, determination.— ..130,140 

Potato- 

aphids, feeding habits, determination.— . 324-325, 
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development, relation to foliar diagnosis. 

Walter Thomas and Warren B. Hack.. 397-414 
fertilizer treatment, relation to foliar diag- 
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final yield of tubers 400-402 
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plants treated with standard and incom- 
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appearance of leaves 399 
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development 400-402 
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membranes, microehemical tests for Idue 

stem disease 387-388 
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blue stem disease 390-391 
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tissue, autolysis, investigation 434,438,439 

tubers— 
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R. Orton 387-392 

development when treated with stand- 
ard and incomplete, fertilizers 400-402 

viruses, transmission liy— 

aphids, tests 322-324,32.5-327,331-332 

miscellaneous insects, tests 323-324, 
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and W. C. Whitaker 319-334 

Potatoes, proteolytic activity in r(‘Iation to 
blackening after cooking. A. Frank Ross 

and W. E. Tottingham. 433-441 

Preservation, effect upon hydrocyanic acid 
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extract from soybeans, use in food, study. 

Sybil Woodruff, Evelyn Chambers, and 
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extraction methods 
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and W. E. Tottingham 433-441 
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Quartz sand, effect on toxicity of so<iium 
selenate to millet, yields, expermwnts ... *-~l4 
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age of the Q B Gs Group in Sorghum ( 4 /-/o/ 
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susceptibility to coumarin-treated alfalfa, 
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Rader, Lewis F., Jr., and Hiu., \v . L.. 
Determination and Occiirreuce of Boron 
in Natural Phosphates Superphosphates ^ 

and Defluorinated Phosphate Rocks 90 win 
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mosaic virus, spread by Amphorophora 
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Waksman and J. W. Foster 873-899 
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Sokoloff _ _ - A - 203-216 
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Schwartze, 0. D., and Huber, Glenn A.: 
Resistance in the Red Raspberry to the 
Mosiac Vector Amphorophora rubi Kalt— 623-633 
Scolytus-— 

in white fir, association with brown-stain- 
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energy. P, W. Christensen and T. H. 

Hopper 477-512 
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velopment of Lepidium draba^. 917-928 
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ciated conditions for growing northern 

conifers. — 945-948 

whole, effect on toxicity of sodium selenate 
to millet. Philip L. Gile, Hubert W. 

Lakin, and Horace G. Byers. — - 1“20 
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